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A parametric study using a finite element model of a 
simple span, right, steel multigirder highway bridge is 
conducted to observe inherent structural behavior. Two 
sets of analyses are performed, the first is an intact 
bridge in proper working condition, the second is a damaged 
bridge which has a full-depth crack in the exterior (fascia) 
girder at midspan. These two bridge conditions are subjected 
to six different single vehicle live loads at midspan. Also 
varied are the support idealizations. Each ·bridge is 
subjected to a fixed-expansion bearing detail and an 
expansion-expansion bearing detail. Further, the cross frame 
size is varied from a condition of . no cross bracing to 
normal- (plan specified), double-, and quadrup~e-sized cross 
bracing. 
The first objective of the report is to study the 
behavior of the intact bridge with variable sized cross 
bracing. Of interest is the effectiveness of the cross 
frames in distributing live load. The second objective is to 
study the redundancy of the bridge when it is subjected to a 
worst case crack condition. This is accomplished by 
comparing the load distribution patterns in both the primary 
and secondary members of the intact and damaged bridges. The 
quantitative study of the numerous variables, in terms of 
stresses and diplacements, offers significant insight into 
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The design of a steel highway bridge in accordance with 
the current AASHTO specification does not consider every 
possible aspect of bridge behavior. (1 ) To account for this 
deficiency, the AASHTO provides guidelines which will ensure 
that certain factors of safety are incorporated into the 
bridge. Also, the analysis procedures used are usually 
simplified two-dimensional approximations of a complex 
three-dimensional structure. These methods, while correct in 
their intent, cannot account for the complicated 






although it is 
are designed for one 
obvious that, through 
interaction with other structural components, they might 
perform several functions at once. 
A case in point is the design of cross frames. Using 
the AASHTO specification, cross frames are designed on the 
basis of a projected wind load on the side of the bridge 
superstructure.< 1 > These secondary elements are designed 
without any consideration to vehicle live loads, or even 
structure deadweight. However, in bridge maintenance (post 
design and construction activities), Bridge Engineers assume 
that cross frames and diaphrams assist in the lateral 
distribution of live loads. To date, it is not clearly 
understood how effective these cross frames are in 
distributing live load. 
Another example of the reliability of a structural 
component to perform a function which is not considered in 
the original design is the effect of structural failures. 
Steel bridges are susceptible to cracks which can occur at 
weld details on the primary girders. If a crack of this 





















is possible. However, in limited field studies, a very 
large crack has been observed in a main girder of several 
steel highway bridges in which no collapse occured.( 2 ) These 
findings indicate that the structure redistributes its load 
to the remaining 
referred to as 
undamaged members. This phenomena has been 
"bridge redundancy" by those in the bridge 
engineering profession. 
The term "redundancy" can have several different 
meanings in the field of bridge engineering. To be specific, 
much debate over the interpretation of its definition in 
section 10.3.1 of the current AASHTO (13th edition) 
specification has occured.(l) In this section of the 
specification, design considerations of bridge fatigue due to 
specified loading cycles is presented for.two different types 
of structures-redundant and nonredundant. The permissive 
allowable fatigue stress ranges used in the design are higher 
if the structure is redundant and lower if the structure is 
nonredundant.(l) The problem arises in the interpretation of 
how a structure is deemed redundant or nonredundant. 
The AASHTO specification gives several examples of 
the type of system which represents a redundant structure 
and which does not. As presented in section 10.3.1, a simply 
supported single span multigirder bridge is classified as a 
redundant structure whereas a two-girder system in classified 
as being nonredundant.< 1 > AASHTO bases the definition of 
redundancy on the ability of the structure to withstand 
collapse. Thus, the specification implies that a two-girder 
system will collapse if a single fracture exists in one of 
the primary girders. However, these examples of redundant 
and nonredundant load path structures consider the 
contribution of the primary members only and make no mention 
of other secondary members present in the superstructure 






















1.2 Previous Studies 
The recognition of the inadequate definition of 
redundancy in the AASHTO specification has spurred several 
recent research projects to help clarify the vague 
classification which is currently in use. A major 
consideration in determining whether or not a structural 
system is redundant is the positive effects of the secondary 
members in the bridge behavior. These effects were briefly 
studied for a two- and three-girder system using a finite 
element model, with and without a crack, and showed that 
bracing can effectively reduce the deformations and increase 
load distribution in the main girders.< 3 ) A follow-up to 
this study was conducted, this time considering only the 
two-girder system, and reported . significant load 
redistribution when bottom lateral bracing was ·present in the 
structure. (4 ) 
A detailed evaluation of the redundancy of a two-girder 
system, concentrating on the possible load redistribution 
mechanisms of the primary and secondary members, was 
conducted using a more elaborate finite element model than 
those of Ref. 3 and 4.( 5 ) This study illustrated the 
importance of the secondary members, which are not designed 
to resist the forces induced upon them during failure, in 
redistributing loads previously carried by the damaged 
member. 
Several studies have been conducted exclusively on 
multigirder systems. One such study used finite elements to 
eyaluate the interaction between primary and secondary 
members in compositely designed multigirder bridges.< 6 ) This 
research first concentrated on the global behavior of an 
intact bridge. Using selected results, it then used a finite 
element substructure model to study very localized connection 
details. This report did not mention the issue of 
redundancy. Another study was conducted to observe the 





















girders.(?) This report looked at variable span lengths 
considering only live loads and gave indications of load 
redistributions in both the primary and secondary members. 
This study did not consider the effects of varying the cross 
frames sizes. 
The work described in this report will further study 
the effects of cross frame lateral load distribution and 
redundancy in multigirder bridges. It was decided that a full 
three-dimensional analysis of the bridge superstructure is 
required. Field testing, a desireable means in which to 
study this type of behavior, is impractical and beyond the 
scope of this report. However, such behavior can accurately 
be studied by using the three-dimensional capabilities of the 
finite element method. Hence, a detailed finite element 
model of a USDOT/FHWA standard highway bridge·will be used 
as the basis of the analysis. 
1.3 Objectives 
The purpose of this report is to study the behavior of a 
USDOT/FHWA standard steel multigirder highway bridge in both 
the intact and damaged state. The first objective is to 
evaluate the effectiveness of cross frames in distributing 
live load in an undamaged bridge. This is accomplished by 
varying the amount of cross bracing in the superstructre. 
Four conditions are used in this study: (1) no cross bracing, 
(2) normal-sized (plan specified), (3) double-sized, and (4) 
quadruple-sized cross frames. First the responses of a 
bridge with no cross frames and normal-sized frames are 
compared. It is expected that there will be some improvement 
in bridge behavior when the normal-sized cross frames are 
added. As a result, the question which remains is if any 
additional improvement in bridge behavior occurs when the 
cross frames are increased in size. 
The second objective of this report is to observe the 





















experiences a full-depth fracture in the exterior girder. By 
comparing the stress levels in both primary and secondary 
members of the intact bridge to those of the damaged bridge, 
the redistribution patterns can be determined. It will also 
give an indication of the degree of redundancy the study 
bridge possesses. Further, this comparison might also give 
clues to the possible load paths developed at the time of 
major load redistribution. Finally, an attempt will be made 
to evaluate the effectiveness that increased sized cross 
frames may have in the redistribution of loads. 
1.4 Organization 
The report is divided into six major sections. Section 
2 outlines the finite element modeling techniques used to 
simulate the study bridge superstructure. Section 3 is a 
disscussion of the highway bridge loading conditions used in 
the analytical model. Section 4 describes the bridge 
parameters which will be varied and the resulting structural 
responses used to evaluate the bridge behavior. The 
discussion of the bridge responses due to the varying 
parameters, presented in numerous graphs and tables, is 
contained in Section 5. Finally, a summary of the key 





















2. FINITE ELEMENT MODELING OF THE BRIDGE SUPERSTRUCTURE 
2.i Description of Prototype 
The study bridge is a USDOT/FHWA standard right, welded 
steel multigirder highway bridge designed for HS20-44 live 
loading.( 8 ) It is a 140-ft single span with a 44-ft wide 
clear roadway. The bridge consists of six A36 steel girders. 
Figure 1 shows a typical cross section and a representative 
longitudinally and transversely stiffened girder. Each girder 
web is 94-in. deep and has a constant thickness of 3/8-in. 
The concrete deck is 7-1/2 in. thick and is compositely 
designed with the girders by using shear connections. Cross 
frames are equally spaced every 23'-4" in the longitudinal 
direction of the bridge. The top and bottom flanges change 
thickness at various locations in the longitudinal direction 
of the girders. 
Only one span length (140-ft) was chosen to evaluate the 
behavior of the multigirder bridge. A previous finite 
element study of a multigirder bridge (44-ft wide) used span 
lengths of 100-ft, 150-ft, and 180-ft to observe the 
structural response due to varying load cases and support 
conditions.< 9 > This study concluded that the varied span 
lengths exhibited common behavior to all the parameters, with 
the magnitude of the responses in proportion to the length of 
the spans. Therefore, it was suggested that if further 
studies were conducted, a span representing an average 
length would be sufficient to observe structural behavior. 
2.2 Finite Element Model 
The analysis for the study will be conducted using the 
SAP IV finite element package. (lO) A full three dimensional 
model of the bridge superstructure is required to properly 
simulate the behavior of an actual bridge in the field. A 
finite element discretization of the bridge is shown in Fig. 





















girder numbering scheme which is used extensively throughout 
this report. For example, Girder-6 is the exterior (fascia) 
girder which will experience a full-depth crack at midspan. 
Girder-5 will be the girder adjacent to the cracked girder. 
Girder-1 and girder-6 are designated as ''exterior" girders 
and girder-2 through girder-5 are designated as "interior" 
girders. 
The model is designed with both primary and secondary 
members. The primary members are the main girders and the 
concrete deck. Secondary members include cross frames, 
vertical stiffeners, parapets, arid bearings. This extensive 
detailing enables an accurate study of both the overall 
global behavior of the structure and the interaction between 
the primary and secondary members. A detailed desription of 
the modeling techniques used for the indiviual members are 
presented in the following subsections. 
2.2.1 Primary Girders 
The girders are modeled with three different finite 
elements. The top flange is modeled as a truss element. 
Since the top flange is composite with the concrete deck, 
only in-plane axial stresses are assumed to develop. The 
bottom flange is modeled as a three dimensional beam element 
which will account for the out-of-plane behavior of the 
bottom chord of the girder. The web is modeled as two plate 
bending elements which will permit an out-of-plane degree of 
freedom to account for lateral web distortions. Figure 3 
shows the interaction of the three different elements which 
simulate the girder. Also shown is the concrete deck slab 
which is discussed in the next subsection. 
The girder web is assumed to have a constant depth in 
the longitudial direction by neglecting any inconsistancies 
due to the varying flange thicknesses. Vertical stiffeners 
are modeled as truss elements. The stiffeners are connected 





















ignored in the model. Both of these modeling assumptions 
have a negligible effect on the overall global behavior of 
the structure. 
To simulate the full-depth crack of the exterior girder 
6 at midspan, the bottom flange and web are severed by 
activating dummy nodes which are incorporated into the model. 
The top flange and concrete deck remain intact and the 
midspan cross frames are connected to only one side of the 
cracked girder. A schematic sketch of this modeling 
procedure is shown in Fig. 4. 
2.2.2 Concrete Deck Slab 
The concrete deck slab is modeled using 7-1/2 in. thick 
flat plate bending elements. These elements are required to 
account for the complicated behavior of the deck when it is 
subjected to structure deadweight and single vehicle live 
loads applied normal to the slab. Since the plate bending 
elements are flat and have a continuous material property 
through their thickness, the rain drain slope and the steel 
reinforcement are neglected in the modeling of the deck slab. 
Thus, the deck elements have the material property of plain, 
unreinforced concrete. Also, under the given model 
assumptions, the concrete is not allowed to crack or crush 
under normal service conditions. These assumptions have 
negligible effect on the overall global behavior of the model 
used in this study and have been verified in previous work by 
De Castro and Kostem.< 11 > 
To account for the composite action which exists between 
the deck and the girders, the modeling scheme shown in Fig. 3 
is used. The plate bending elements representing the deck 
must share the same node which is occupied by the top flange 
truss element and the plate bending element representing the 
web of the girder. In essence, the top flange is embedded in 
the concrete and the web is extended into the slab to connect 





















2.2.3 Cross Frames 
The cross frames include diagonal angles, horizontal 
angles, and channel sections. The cross framing is shown in 
Fig. 1 for both midspan and bearing sections. All the cross 
frames are modeled as truss elements. It should be noted 
that the cross frames use common nodes that are also occupied 
by the web element, bottom flange element, and the vertical 
web stiffener element. As such, this idealization does not 
take into consideration the local effects at connection plate 
details which may occur in the field. Hence, the use of 
truss elements for cross framing is justified because the 
effects of the moments developed at the connection plate 
detail are neglected. 
2.2.4 Bearings 
To model the support conditions at the bearings, 
boundary or spring elements were used. These elements will 
allow no displacement in the defined direction of the spring 
by specifying a very large spring stiffness. The spring with 
a high stiffness will accurately calculate the force to which 
it is subjected. Hence, both vertical and horizontal 
reactions at bearings may be determined depending on the 
support condition as defined by the boundary elements. 
The model in this study is subjected to two different 
support conditions. The first is a typical fixed-expansion 
bearing detail. The fixed end of the bridge is modeled with 
a boundary element in both the vertical (Y) direction and 
longitudinal (X) direction at one end of the bottom chord of 
each girder. The expansion end is modeled 
vertical (Y) boundary element at the opposite 
with only a 
end of the 
bottom chord of each girder. This will allow free movement 
of the girder in the longitudinal direction. 
The second bearing detail is an expansion-expansion 
condition in which the each end of the girder is allowed to 





















support, only vertical (Y) boundary elements were installed 
on the bottom chord of each end of the girder. To insure 
stability of this finite element model, a longitudial (X) 
direction boundary element is attached to the interior 
girder-3. In both support conditions, boundary elements in 
the transverse (Z) direction were installed at both ends of 
the bottom chord of each girder. These boundary elements 
restrict lateral movement of the girder bottom chord and end 



















3. BRIDGE LOADING CONDITIONS 
The study bridge is subjected to six different live load 
conditions, its own structure deadweight, and a combination 
of live load and dead load. The application of live loads 
without considering structure deadweight allows a 
determination of the distribution of the live loads among the 
primary and secondary members. The structure deadweight is 
added by superposition and shows the actual distribution of 
all bridge loading among the primary and secondary members. 
The study is limited to unfactored dead load and 
unfactored single vehicle live loads. This implies that no 
impact factor is applied for loading purposes. Therefore, 
the structure is subjected to static loads only. While not a 
worst case loading, it will nontheless provide ~esults which 
best identify the effects of live load distribution. 
Two different single vehicle load patterns are used to 
simulate live loading on the study bridge. The first is the 
standard AASHTO HS20-44 design vehicle; the load pattern of 
which is shown in Fig. s.< 1 > The second is the Pennsylvania 
D.O.T. eight axle 204-kip permit vehicle whose load pattern 
is shown in Fig. 6. The longitudinal position of the vehicles 
is such that the drive axle is placed on the midspan of the 
bridge. Figures 5 and 6 show the midspan of the structure 
with respect to the load patterns of each vehicle. 
The six live load cases are illustrated in Fig. 7. All 
vehicle loading is ,at th~ midspan and the figure also shows 
the girder numbering scheme which is described in section 
2.2. The study focuses on a partially loaded bridge because 
this represents the worst case loading condition. A fully 
loaded bridge gives symmetrical deformation and stress 
distributions which can be calcuated in design. However, a 
partially loaded bridge will cause unsymmetrical deformation 






















Referring to Fig. 7, load condition 1 is an HS20 vehicle 
placed in the outermost lane as close to the curb ·as the 
AASHTO specification will allow, which is a 2-ft minimum curb 
distance. (1 ) Load condition 2 is two HS20 vehicles, one of 
which is as close to the curb as described for load condition 
1. The second vehicle is spaced such that a 4-ft distance 
exists between the wheel groups of the two vehicles. Load 
condition 3 is an HS20 vehicle which is placed directly over 
the interior girder 4. Load condition 4 has two HS20 
vehicles whose wheel groups are spaced 8-ft apart and are 
both 4-ft from interior girder 4. Load condition 5 is a 
PADOT 204-kip permit vehcle placed in the same manner as the 
HS20 in load condition 1. Likewise, load condition 6 is a 
PADOT 204-kip permit vehicle with the same position as the 
HS20 in load condition 3. 
For the purpose of this report, load conditions 1, 2, 
and 5 are designated as "eccentric" vehicle loads and load 
conditions 3, 4, and 6 are designated as "central" vehicle 
loads. This classification will simplify the discussion 
contained in Sections 5 and 6. It should be noted that the 
single vehicle load positions selected for the study are not 
intended to adhere to the AASHTO specification. The loadings 
were chosen to study the behavior of particular primary 
members. More specifically, the "eccentric" loads are 
intended to influence the exterior girder (girder-6) and the 
girder adjacent to the loaded girder (girder-S). The 
"central" loads will have the most effect on the girder under 
the vehicle (girder-4) and the two girders adjacent to the 





















4. PARAMETRIC STUDY 
4.1 Description of Bridge Parameters 
The parametric study of the bridge consists of four 
different variables which are used to observe the structural 
behavior. The bridge parameters to be varied are the support 
conditions, loading conditions, size of cross framing, and 
the integrity of the bridge superstructure. Table 1 
illustrates the organization of the parameters used 
throughout the analytical analysis. Eight cases with various 
support conditions, load conditions, and bridge integrity 
conditions are shown. Each case has four different cross 
frame conditions ranging from no cross bracing, to normal-, 
double-, and quadruple-sized frames. To illustrate, case 
number 3 is the analytical analysis of an intact bridge with 
an expansion-expansion support condition, considering only 
the six live loads. The organization presented in Table 1 is 
used extensively in the tables and graphs which will be 
discussed in Section 5 of this report. 
4.1.1 Support Conditions 
The bridge is analyzed using two different support 
conditions. Of interest is the difference in the behavior 
between a fixed-expansion and the 
bearing detail. The fixed-expansion 
expansion-expansion 
bearing detail is an 
ideal case which might represent a new or well maintained 
bridge. It is also the support condition which is assumed by 
the Bridge Engineer at the time of design. The 
expansion-expansion bearing detail is an extreme assumption 
and represents an upper bound case in terms of midspan 
deflections, moments, and other structural responses. A 
third condition, not considered in this study, is a 
fixed-fixed support condition. This is an extreme lower 
bound in terms of midspan deflections and moments and could 





















4.1.2 Loading Conditions 
A detailed description of loading conditions is 
presented in Section 3. As seen in Table 1, Cases 1, 3, 5, 
and 7 consider only the six single vehicle live load 
conditions without the structure deadweight. As previously 
stated, this allows for a direct interpretation of each 
single vehicle load distribution. It is difficult to assess 
such phenomena when structure deadweight is present. Cases 
2, 4, 6, and 8 of Table 1 considers the six live loads with 
the structure deadweight. Also included in these cases is 
load condition 7, which is the structure deadweight with no 
applied live loads added. The inclusion of dead load allows 
for the interpretation of bridge behavior which actually 
occurs in the field. 
4.1.3 Cross Frames 
To observe the effectiveness of cross framing in live 
load distribution, four separate conditions of cross bracing 
are included in each of the eight cases listed in Table 1. 
The first is a bridge superstructure which has no cross 
frames. This condition will serve as a basis of comparison 
to the bridges with varying amounts of cross bracing. 
Introducing normal-sized (plan specified) cross frames will 
give an indication of how the actual bridge will behave. 
Furthermore, it will also indicate any improvement in the 
bridge behavior, and how much, over that of the no cross 
frame condition. If a substantial improvement in the 
structural response is attained with the addition of 
normal-sized cross bracing, how much, if any, improvement in 
bridge behavior occurs when the cross frames size is 
increased? To obtain a more thorough understanding of this 





















4.1.4 Integrity of Bridge Superstructure 
The bridge condition is aptly designated as either 
"intact" or "damaged". An intact bridge means that it has no 
structural damage. All aspects of the bridge superstructure 
are assumed to be in good working condition. The damaged 
bridge has a full-depth crack in the exterior girder (girder 
6) which is located at midspan. This crack is assumed to 
sever the the bottom flange and the entire web depth. The 
top flange and concrete deck are assumed to remain intact. 
Also, the cross frames remain attached to only 
the damaged girder. This condition 







mentioned that no discussion of the failure mechanism is 
contained in this report. The fracture is .assumed to be the 
result of the previous in-service live loads. 
Once the crack is imposed, only the overall global 
behavior of the model is studied. More specifically, the 
primary members (neglecting the cracked girder), and select 
secondary members are monitored to observe the redistribution 
of loads-both dead and live-when a severe damage state 
exists. Studying these new load paths will hopefully provide 
some insight as to the members which contribute the most in 
the load redistribution. 
4.2 Description of Bridge Responses 
The study of bridge behavior requires the evaluation of 
its responses which result from the varied parameters listed 
in Section 4.1. It is not practical to study every possible 
response of the analytical model. This report focuses on 
those responses which may provide a broad but accurate 
prediction of actual bridge behavior. Most of the responses 
considered in the study are located at or near the bridge 
midspan. Maximum responses will occur in this region due to 
the proximity of the live loads and the girder crack. A 





















study is presented in the following subsections. 
4.2.1 Girder Stresses and Deflections 
The midspan vertical girder deflections are used to 
monitor the primary members and any influence that the 
parameters might have on them. Also used to study the 
girders is the bottom flange fiber stress located at the 
midspan. These responses represent the maximum deflections 
of each girder and the critical stress in each girder. The 
observation of bottom flange fiber stresses was also 
conducted at the locations along the girder where.the flange 
changes thickness. These locations are 26-ft and and 45-ft 
from the midspan and the stresses were only monitored in 
girders-3 through 6. 
4.2.2 Concrete Slab Stresses 
Concrete slab stresses are evaluated at selected points 
across midspan. Stresses are in both the longitudinal (X) 
direction and in the transverse (Z) direction. For 
simplicity, the graphs to be shown in Section 5 refer to the 
slab stress at a particular girder. However, these stresses 
are not directly at or over the girders; instead they are a 
short distance to either one side of the member or the other. 
This eccentricity is due to the finite element modeling 
scheme of the concrete bridge deck. The model is developed 
such that two plate bending elements exist between each 
girder. As shown in Fig. a, it is assumed that of those 
elements which are arranged between the girders, the first of 
the two elements to the inside (going from edge to center) of 
the girder will be the element which represents the slab 
stress for that girder. 
The longitudinal concrete slab stresses are intended to 
represent the stress at the bottom fiber of the slab. This 
stress tends to have the least amount of compression due to 





















thickness of the slab. The transverse concrete slab stresses 
are based on the bending moment in this direction only. The 
in-plane membrane stress in the transverse (Z) direction is 
negligible. Both the longitudinal and transverse slab 
stresses will give an indication of how the slab might 
behave, and its possible effectiveness in load redistribution 
when the bridge is damaged. 
4.2.3 Cross Frame Stresses 
The cross framing stresses are evaluated on a limited 
basis. Only those cross frames at midspan which give 
consistently significant stresses are considered. This 
proved to be the cross bracing framed into exterior girder-6 
and the bracing framed into both sides of interior girder-4 
or, more simply, all the frames between girders-3 and 6 at 
midspan. Further, to ease the data reduction process, it 
was decided to select a single live load condition which 
caused the consistently highest stresses in the cross frames 
mentioned above. This proved to be load condition 6, the 
PADOT permit vehicle directly over girder-4. The cross frame 
stresses due to the structure deadweight are also evaluated. 
When the bridge is in the damaged state, some cross 
frames become highly stressed. To determine possible 
buckling and yielding of these members, a basic strength of 
materials approach is used.< 12 ) However, calcuating these 
limit states requires numerous assumptions which depend on 
the interpretation of bucklfng criteria of the cross frames. 
As a result, several different limits are determined to 
represent a possible range in which cross frame buckling 
might occur. The calculation of these buckling stresses are 
contained in Appendix A. 
4.2.4 Horizontal Reactions at Fixed Bearings 
Horizontal reaction forces are in the 
direction and are present at fixed bearings 
-17-
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complicated nature of the concrete bridge deck. The slab 
forces the girder to either thrust outward, causing 
compression on the bearings, or thrust inward, causing 
tension on the bearings. Obviously, these forces only occur 
with the fixed-expansion support condition assumption. The 
expansion-expansion support condition will not develop these 
reactions. These forces represent a substantial load which 
must be carried by the anchor bolts, which in turn, must be 
resisted by the concrete pier or foundation. The study of 
these forces when the bridge is in the damaged state could 
indicate other possible load paths. 
4.2.5 Lateral Web Distortion 
The displacement of the top flange relative to the 
bottom flange of the girder is designated as the lateral web 
distortion for the purposes of this study. This differential 
displacement is only observed for girders-3 through 6. 
Although this phenomena is not of primary importance in 
studying redundancy, it will give some indication of the 
effectiveness of the cross bracing in controlling the bridge 
behavior. 
Previous studies have indicated that the out-of-plane 
web deformation leads to secondary stresses in the girder web 
that will cause fatigue cracking at connection details.< 6 > 
These studies concentrated on very small web gaps which exist 
between the connection detail and the bottom flange of the 
girder. As a spin-off on the lateral web distortion data 
collected for this report, it was decided to "check" the 
stresses due to these relative displacements at the 
web/flange interface of girders-3 through 6 at midspan. To 
accomplish this, a small finite element model of a unit width 
vertical strip of the girder-from top to bottom flange-was 
developed. 
contained 
A more detailed 






























were calculated in 
determine the stresses 
bottom flanges. 
the primary global bridge 























5. DISCUSSION OF RESULTS 
A detailed discussion of the results obtained from the 
SAP IV finite element analysis is contained in this section. 
Each response characteristic outlined in Section 4 will be 
presented under its own subheading for both the intact and 
damaged bridge state. A comparison will then be made between 
behavior of the intact and damaged bridges. The evaluations 
will comment on the the positive or negative effects that 
each of the parameters has on a particular response. 
5.1 Midspan Vertical Deflections 
5.1.1 Intact Bridge 
The midspan deflection profiles for an intact bridge 
with varying support and load conditions are-illustrated in 
Figs. 9-35. It must be noted that strict attention should be 
given to the ordinate of each of the graphs contained in 
this report because they do not possess the same scale. The 
reason for this inconsistent presentation is based on the 
fact that a regulation of scale would have an adverse effect 
on the description of the behavior characteristics. Consider 
Fig. 15 and Fig. 16, which is the deflection profile for 
structure deadweight. Fig. 15 depicts a deflection profile, 
which at first glance, looks very pronounced .. However, it 
must be realized that the ordinate of this figure has a range 
of about 1/10th of an inch. In comparison, Fig. 16 shows a 
very flat deflection profile with an ordinate range of 2 
inches. Since this study is concerned with the relative 
behavior of a bridge, the method of presentation as 
represented in Fig. 15 is more favorable and is utilized 
throughout the report. 
To check the validity of the model which is used as the 
basis of this report, a hand calculation of the midspan 
deflection of an interior girder (girder-4) considering Gnly 





















contained in Appendix C and shows good agreement with (only a 
12% difference) the value obtained using the finite element 
analysis. 
The midspan transverse deflection profiles for the seven 
load conditions of Case 1 are shown in Figs. 9-15. In all 
load conditions, the bridge without cross bracing displays a 
pronounced deflection pattern with large 
displacements from one girder to the next. 
relative 
In most 
occurances, the maximum deflection is directly beneath the 
applied live load. This causes the structure to appear 
flexible and susceptible to localized deflections in the 
proximity of the applied load. 
The addition of cross bracing causes a more uniform 
deflection pattern among the girders. The deflection profile 
appears almost linear for the eccentric loads of Figs. 9, 10 
and 13. With cross bracing present, the maximum deflection 
may not be at the girder directly beneath the applied load. 
For the central loading of Figs. 11, 12, and 14, the maximum 
displacement occurs in exterior girder-6 when the bridge has 
double- or quadruple-sized cross frames. This gives an 
indication that live load is indeed distributed by the cross 
frames to some degree. 
·In observing the four deflection profiles depicted on 
each of the Figs. 9-15, it appears that once normal-sized 
cross frames have been added to the bridge, doubling or 
quadrupling the size does not seem to significantly improve 
the behavior of the structure. For example, the deflection 
of the girder under the vehicle (either girder-4 or girder-6) 
decreases up to 25% when normal-sized cross frames are 
introduced. The deflection of the same girder will decrease 
by only 1-5% when the cross frames increase from normal- to 
double-sized. Moreover, the girder deflection will decrease 
only 0-4% when the cross braces are increased from double- to 
quadruple-sized. 





















the difference between the HS20 vehicle loading and the PADOT 
204-kip permit vehicle loading can be observed. Although the 
deflection profiles are nearly identical, the PADOT permit 
vehicle defections are 60-70% greater than the HS20 vehicle 
deflections. 
The deflection profile of Fig. 15 considers only the 
deadweight of the structure without the application of live 
load. Therefore, since the bridge is intact, the deflection 
profile is symmetrical. At first, it appears that the 
bridge with quadruple cross bracing has the greatest 
deflection. This only true for the interior girders (girders 
2 through 5). As the cross bracing size is increased, the 
relative deflection between the interior girder (girder-3) 
and the exterior girder (girder-1) will decrease. The cross 
bracing has a tendancy to equilibriate the deflections of the 
girders. 
Case 2 deflection profiles are shown in Figs. 17-22. 
These six profiles are a superposition of the live load 
responses of Figs. 9-14 onto the deadweight response of Fig. 
15. The overall deflection profiles are similar to those 
shown for Case 1, with the exception that numerical values of 
the deflections increase. It is seen from Fig. 19 and 20 
that t9e PADOT 204-kip permit vehicle represents the worst 
case loading condition of this study in terms of 
displacements. 
As with Case 1, the Case 2 deflection profiles change 
from the very localized deflection pattern of the no cross 
brace condition to well behaved, nearly linear patterns when 
varying amounts of cross bracing exist in the superstructure. 
The increase in cross bracing over the normal-size does not 
seem to significantly improve the bridge behavior. As the 
cross bracing size increases, there is a very slight increase. 
in deflection. The larger cross brace size will decrease the 
relative deflection between each girder but in doing so, will 





















behavior is shown in Fig. 19, where the relative 
displacements between girder-2 . and girder-4 are decreasing 
slightly as the cross frame size increases. 
The Case 3 deflections are shown in Figs. 23-29. The 
deflection profiles are strikingly similar to those shown for 
Case 1 in Figs. 9-15. The only difference between these two 
cases is the defined support conditions. As such, a review 
of Figs. 23-29 show a more pronounced differential 
dispacement between each of the girders than those in Figs. 
9-15 for Case 1. Comparison of Case 1 with Case 3 will show 
that the exterior girder farthest from the load application 
(girder-1) has a greater upward (or less downward) deflection 
for the expansion-expansion bearings (Case 3) than for 
the fixed-expansion bearings (Case 1): Furthermore, the 
exterior girder nearest the load application (girder-6) has a 
greater downward deflection for the expansion-expansion 
bearing than for the fixed-expansion bearing. This indicates 
that the relative deflection between the two exterior girders 
is greater for the expansion-expansion bearing detail than 
for the fixed-expansion bearing detail. Thus, based on 
relative deflections at midspan, the expansion-expansion 
bearing detail allows the bridge structure more flexibility 
than the fixed-bearing detail. 
The deflection profiles for Case 4 are shown in Figs. 
30-35. These profiles are similar to those in Figs. 17-22 
for Case 2. The preceding comparison of the differential 
deflection of the girders of Case 1 to Case 3 is similar in 
all respects to the comparison between Case 2 and Case 4. 
Further, Cases 3 and 4 also exhibit the behavior described 
earlier for Cases 1 and 2 when cross frames are added to the 
structure and then increased in size. 
5.1.2 Damaged Bridge 
The midspan deflection profiles for a damaged bridge 





















in Figs. 36-61. cases 5-8 as described in Table 1 represent 
the parameters used to study the damaged bridge. 
The deflection profiles for Case 5 are shown in Figs. 
36-42. Referring to these figures, in all seven load 
conditions the maximum deflection occurs at the fractured 
girder (girder-6). A bridge with no cross bracing shows very 
localized deflection patterns influenced by both the cracked 
girder and also the live load application. Introducing cross 
bracing has a significant positive influence on the behavior 
of the girder deflection profile. An inspection of Figs. 
36-42 reveals a trend in which the deflection profile becomes 
almost linear. At midspan, there is a redistribution of 
vertical deflections away from the damaged andjor loaded 
girders (girder-4 and girder-6) to the unloaded and/or 
structurally intact girders. 
In Fig. 36, The deflection of the damaged and loaded 
girder (girder-6) with no cross bracing is 52% greater than 
for the normal-braced condition. The most significant 
improvement in deflection behavior occurs when normal-sized 
cross frames are introduced. There is negligible improvement 
in each of the deflection profiles for the double- and 
quadruple-sized cross bracing. 
Fig. 42 shows the deflection profile for the condition 
of structure deadweight only. It is now unsymmetrical due to 
the cracked girder. The bridge without cross bracing 
displays a pronounced "cantilever-shaped" deflection profile. 
Again, as with the live load cases, the introduction of 
normal-sized cross bracing redistributes the deflections away 
from the cracked girder to the remaining intact girders. The 
result is an almost linear deflection profile which slopes 
downward to favor the fractured girder. The addition of 
normal-sized cross frames effectively decreases the downward 
deflection of the damaged girder (girder-6) by 33%, which is 
the largest decrease of all the girder deflections. The 





















is not significantly altered when the cross frames are 
increased in size. 
The vertical deflection profiles for Case 6 are shown in 
Figs. 43-48. These six figures depict the superposition of 
the live load conditions of Figs. 36-41 onto the structure 
deadweight of Fig. 42. An inspection of Figs. 43-48 shows a 
similar deflection profile for each of the load cases. In 
fact, the deflection profiles are similar in most respects to 
the structure deadweight deflection profile shown in Fig. 42. 
This comparison illustrates the pronounced influence of 
deadweight on the deflection profile of a bridge with a 
fractured girder. The presence of deadload is great enough 
to effectively "wash out" the live load deflection behavior. 
which is vividly shown in Figs. 36-41 for Case 5. 
This finding indicates that, in comparison with the 
application of live loads, the fracture of the exterior 
girder of an in-service multigirder bridge will control, to a 
much greater degree, the midspan deflection profile. As 
noted in the preceeding discussion of the deadweight 
condition of Case 5, the introduction of cross bracing 
significantly improves the behavior of the damaged bridge for 
all six load conditions of Case 6. Again, the greatest 
improvement occurs with the addition of normal-sized cross 
frames. 
Deflection profiles for case 7 are shown in Figs. 49-55. 
It is evident by inspection of the figures that the behavior 
is similar to that shown for Case 5 in Figs. 36-42. However, 
some differences should be noted. Because of the inherent 
flexiblity of the expansion-expansion support condition of 
Case 7, a more steeply graded differential deflection profile 
results. The deflection at the fractured girder (girder-G) 
increases in the downward direction and the deflection at the 
opposite exterior girder (girder-1) increases in upward (or 
decreases in the downward) direction. Using the eccentric 





















deflection of the fractured girder (girder-6) in Case 7 is 
approximately 30% greater than the Case 5 deflection. 
Moreover, the deflection at the opposite exterior girder 
(girder-1) for case 7 is 88% greater (in the upward 
direction) than the Case 5 deflection. 
A comparison of Fig. 42 and Fig. 55 shGws the difference 
in the behavior of the midspan deflections due to the 
structure deadweight and variable support conditions. As was 
discussed for the conditions of live loads, a distinct 
increase in differential deflections between the girders 
exists. This behavior is attributed to the greater 
flexibility allowed by the expansion-expansion support 
condition. Finally, for both the live and dead load 
conditions, the influence of cross frames on the behavior of 
midspan deflections in Case 7 is, as expected, similar to the 
behavior described for Case 5. 
Case 8 deflection profiles are shown in Figs. 56-61. As 
was shown in Case 6 (Fig. 43-48), these deflection profiles 
are very similar to the deadload case of Fig. 55, indicating 
that structure deadweight is the controlling factor in the 
midspan deflections of the damaged structure. Furthermore, 
the comparison of the similarities and differences between 
Case · 6 and Case 8 is the same as the comparison for Case 5 
and Case 7 discussed in the preceding paragraphs. 
5.1.3 Intact vs. Damaged Bridge 
A comparison of Case 1 (Figs. 9-15) and Case 5 (Figs. 
36-42) reveals the influence that a fracture in the exterior 
girder has on the deflection profiles. The eccentric load 
positions of Figs. 9, 10, 13 and Figs. 36, 37, and 40 display 
the effects of the fractured girder clearly. It is seen that 
for the bridge with variable amounts of cross bracing, the 
differential vertical displacement between the two exterior 
girders (girder-1 and girder-6) increases 33-39% from the 


















cross bracing, there is a 60% increase in differential girder 
dispacement from the intact to damage state. 
Continuing with the figures of the eccentric live loads 
and varying amounts of cross bracing, it is seen that the 
largest increase in girder deflection occurs at the damaged 
girder (girder-6). There is less increase in the deflection 
of each adjacent girder moving away from the damaged girder. 
For example, the increase in the deflection of the girder 
immediately adjacent to the fractured girder (girder-5), from 
Case 1 to Case 5, is 28-31% (compared to 33-39% for the 
fractured girder). The increased deflection of interior 
girder-3 is 23-26% from Case 1 to Case 5, and only 18-23% for 
girder-2. 
The central loading conditions shown in Figs. 11, 12, 
14 and Figs. 38, 39, and 41 illustrate that the crack in the 
exterior girder (girder-6) is more influential in controlling 
deflections than the application of live loads alone. These 
figures also show that the positive influence the cross 
frames have in controlling the deflection pattern of the 
bridge at midspan is common for both the intact and damaged 
condition. Furthermore, whether the bridge is damaged or 
not, it appears that the increase in the size of cross frames 
does not significantly improve the bridge behavior. 
The structure deadweight deflection profiles of Case 1 
and Case 5 are shown in Figs. 15 and 42 respectively. The 
deflection profile changes_from symmetrical to unsymmetrical 
when a crack is imposed in the exterior girder (girder-6). 
The crack causes increased deflections in the adjacent 
girders, the amount of which decreases moving away from the 
crack. The result is a deflection profile which slopes 
downward toward the fracture as shown in Fig. 42. For the 
condition of a bridge with varying amounts of cross bracing, 
the following increases in girder deflections occur: 
Girder 6: 29-35% deflection increase from Case 1 to Case 5 



























deflection increase from Case 1 to Case 5 
deflection increase from Case 1 to Case 5 
deflection increase from case 1 to Case 5 
From this data, it is clear that the girders adjacent to the 
crack are affected much more than the girders furthest away 
from the fracture. In fact, girder-1 and girder-2 are 
essentially unaffected by the presence of the crack at 
midspan. 
The comparison of Case 2 (Figs. 17-22) to Case 6 (Figs. 
43-48) is similar to the comparison of the deadweight 
condition of Case 1 and Case 5 described above. There are 
also additional comparisons due to the application of live 
load. A good example is found in the deflection profiles of 
Fig. 19 and Fig. 45. Fig. 19 shows visible evidence of the 
influence that an HS20 design vehicle has on the midspan 
deflection of the bridge in the intact state. In constrast, 
Fig. 45 shows the deflection profile with the same loading 
condition. In comparing the two figures, .It becomes evident 
that the cracked exterior girder has much more influence on 
the behavior of the midspan deflection profile than does the 
vehicle live loads. 
Another comparison of some interest involves the 
decreased girder deflections when normal-sized cross frames 
are · added to the bridge superstructure. For the eccentric 
load conditions 
deflection of 
13% in Case 2 
(Figs. 17, 18, 21, and 43, 44, 
the fractured girder (girder-6) 
when the_ normal-sized frames 
4 7), the 
decreases by 
are added. 
However, in Case 6, the deflection of girder-6 decreases by 
38% when the frames are introduced. It seems that, from this 
limited data, the cross frames are more efficient in 
redistributing the vertical deflections when the bridge is in 
the damaged state. 
The comparison of Case 3 (Figs. 23-29) and Case 7 (Figs. 
49-55) is similar in all respects to the comparison of Case 1 
and case 5 which has already been described in detail in the 





















relative vertical displacements between the girders due to 
the expansion-expansion support detail. 
Finally, the comparison of Case 4 (Figs. 30-3S) and Case 
8 (Figs. S6-61) is similar to the comparison of Case 2 and 
Case 6, which has also been described in detail. Again, only 
the relative vertical deflections between the girders will 
increase due to the expansion-expansion support conditions. 
It is of interest to note that the maximum amount of relative 
differential displacement of the girders occurs when the 
bridge has a fractured exterior girder at midspan and uses 
the expansion-expansion support detail. 
S.2 Mispan Bottom Flange Stresses 
S.2.1 Intact Bridge 
The bottom flange stresses for the seven load conditions 
of Case 1 are shown in Figs. 62-68. A careful inspection of 
this set of figures readily shows two distinct trends in the 
bridge behavior: (1) the localization of girder stresses, and 
(2) the effect of cross frames in redistributing girder 
stresses. Figs. 62, 63, and 66 readily display the 
localization of girder stresses for the eccentric load 
conditions. Most of the live load for these cases is taken 
in the exterior girder under the vehicle (girder-6) and the 
girder adjacent to the loaded girder (girder-S). The stress 
in each girder decreases in a linear fashion moving away from 
the girder under the vehicle (girder-6). 
Figs. 64, 6S, and 67 show the localization of girder 
stresses for the central load conditions. The maximum stress 
occurs in either the girder directly under the vehicle 
(girder-4) or the girder adjacent to the loaded girder 
(girder-S), depending on the amount of cross bracing present. 




of stresses in all load conditions. However, 
of cross bracing will cause a more even 





















in the girder under the vehicle and increase in girders away 
from the loaded girder. 
As was seen in Section 5.1 the most effective 
redistribution occurs with the addition of normal-sized cross 
frames. As the size of the cross bracing is increased, the 
stresses continue to redistribute, but the magnitude of the 
stress change is insignificant. Considering only the girder 
under the vehicle {either girder-4 or girder-6) and using all 
four HS20 vehicle loadings {Figs. 62-65), the decrease in 
bottom flange fiber stress for the various cross frame 
conditions is as follows: 
-No bracing to normal cross bracing: 
-Normal to double cross bracing: 
-Double to quadruple cross bracing: 
13-26% stress decrease 
1-8% stress decrease 
0-8% stress decrease 
These results support those found in Section 5.1 for midspan 
deflections. 
The girder stress distributions for the single HS20 
vehicle {Figs. 62 and 64) and the PADOT 204-kip permit 
vehicle {Figs. 66 and 67) show very similar patterns. 
However, the PADOT permit vehicle induced stresses are 
approximately 55% greater than the HS20 vehicle induced 
stresses in the girder under the vehicles {either girder-4 or 
girder-6). 
Section 5.1. 
These findings also support those found in 
The bottom flange stresses for the deadload condition 
can be seen in Fig. 68. This figure shows a symmetrical 
stress distribution pattern. It is seen that increasing the 
size of the cross bracing will cause the stresses in the 
girders to equalize-stresses decrease {or remain the same) in 
the two exterior girders and increase in the four interior 
girders. The stresses for the quadruple cross frame condition 
are, for all practical purposes, the same value. 
The bottom flange stresses for Case 2 are shown in Figs. 
69-74. These six conditions are the superpostion of the live 





















An inspection of the Case 2 figures indicate the pronounced 
influence of the structure deadload on the bottom flange 
stresses. Although the effect of the eccentric live loads 
can be detected in Figs. 69, 70 and 73, the effect of the 
central load is nearly indistinguishable, or "washed out•• by 
the addition of deadload in Figs. 71, 72, and 74. A 
comparison of Fig. 62 to Fig. 69 illustrates the dominance 
which the structure deadweight has in controlling the bottom 
flange fiber stresses. 
For Case 2, the effect of cross bracing on the behavior 
o~ the bridge follows the same pattern that was described 
earlier for Case 1, which considers the live and dead loads 
as separate entities. In general, the cross bracing 
effectively redistributes stresses from the girder under the 
vehicle to girders away from the loaded region. Again, As 
the size of the cross bracing increases, the stresses in 
each girder will tend to increase (or remain the same) in an 
effort to equalize the stress values in each girder. 
Further, the most significant stress redistribution occurs 
when the normal-sized cross frames are introduced. 
The Case 3 bottom flange stresses are shown in Figs. 
75-81. An inspection of these figures indicates the similar 
behavior which was previously exhibited by Case 1 (Figs. 
62-68). All respects of the effect of cross bracing on 
bridge behavior are the same in both cases. As was noted in 
Section 5.1, the only major difference between Case 1 and 
Case 3 is the defined support conditions. As such, it 
becomes evident from the figures that the stresses tend 
increase and localize in the girders due to the inherent 
flexibility of the expansion-expansion support condition. 
Considering the normal-cross brace condition with the 
eccentric loads, the stress in the girder under the vehicle 
(girder-6) increases 15-25% from Case 1 to Case 3. The 
stress in the exterior girder farthest from the loaded girder 





















complete stress reversal from tension to compression from 
Case 1 to Case 3. The normal-braced condition with the 
central loads show that the stress in the girder under the 
vehicle (girder-4) increases only 3-S% from Case 1 to Case 
3. However, the exterior girder (girder-1) shows a stress 
decrease of 23% from Case 1 to Case 3. These comparisons 
clearly show the stress localization pattern and support the 
findings in Section S.1. 
The Case 4 bottom flange fiber stresses are shown in 
Figs. 82-87. The behavior exhibited in these figures are 
similar to those described in Case 2. Also, all comparisons 
between Case 1 and Case 3 equally apply to the similarities 
and differences of Case 2 and Case 4. 
S.2.2 Damaged Bridge 
The bottom flange stresses for the 
condition are illustrated in Figs. 88-113. 
damaged bridge 
The Case S 
bottom flange stresses are shown in Figs. 88-94. An 
inspection of these figures show that there is negligible 
stress in the fractured girder (girder-G), which is expected. 
Most of the stress is taken by the girder adjacent to the 
cracked girder (girder-S) and to a lesser extent, neighboring 
girder-4, depending on the location of live load application. 
There is insignificant stress levels in girder-1 and 
girder-2. 
The effects of cross bracing are apparent from the 
figures. For the eccentric loads (Figs. 88, 89, and 92), the 
introduction of normal-sized cross bracing causes a 32% 
decrease in stress in the girder adjacent to the cracked 
girder (girder-S). However, there is a 17% increase in 
stress in girder-4, and a GS% stress increase in girder-3. 
The cross bracing is effectively redistributing the stress 
away from the girder adjacent to the cracked girder 
(girder-S) to those girders farther removed from the damaged 





















amount of stress redistribution occurs when the normal-sized 
cross frames are initially introduced. The increased cross 
frame sizes do not significantly improve the redistribution 
pattern demonstrated by the normal-sized bracing. 
An inspection of Figs. 90, 91, and 93 shows that a 
similar condition exists for the central loads. Here, 
however, stresses are redistributed from both the girder 
under the vehicle (girder-4) and the girder adjacent to the 
cracked girder (girder-S) to the girders furthest from the 
damage and loading (girder-1 and 2). The cross frames are 
serving a dual purpose-redistributing stresses which result 
from applied live loads and from the fracture in the exterior 
girder (girder-6). 
Fig. 94 shows the bottom flange stress distribution when 
only the deadweight of the structure is considered. Again, 
no stresses develop in the fractured girder and the stress in 
the adjacent girder (girder-S) rises significantly. The 
stresses in the three girders furthest from the damaged 
girder (girders-1, 2, and 3) exhibit no significant change in 
stress. The effects of cross bracing in controlling the 
flange stresses are identical to the description given in the 
preceding paragraphs for the live load conditions. 
The bottom flange stresses for Case 6 are shown in Figs. 
9S-100. These figures each show a similar girder stress 
distribution as was shown in Fig. 94 for the dead load-only 
condition. The addition of live load does not significantly 
alter the stress distribution pattern established by the 
structure deadweight itself. This "wash out" effect was also 
characteristic for the intact bridge condition discussed 
previously. Also, the effects of cross bracing are similar 
in all respects to both the dead load condition alone and 
the six live load conditions discussed above for Case s. 
To illustrate further, the most significant stress 
redistribution in Case 6 occured when normal-sized cross 




















(Figs. 95, 96, and 99), there is a 16% decrease in the stress 
in the girder adjacent to the fractured girder (girder-5) 
when the normal-sized bracing is added to the bridge 
superstructure. When the cross bracing is doubled in size, 
the stress only decreases an additional 1% in girder-5. The 
decrease in stress when the cross bracing is quadrupled in 
size is only 1.5%. 
The bottom flange stresses for Case 7 are shown in Figs. 
101-107. The behavior patterns shown in these figures are 
similar in most respects to those in Figs. 88-94 for Case 5. 
The only major exception, as previously stated in Section 
5.2.1 for the intact case, is the inherent flexibility of the 
bridge in Case 7 due to the expansion-expansion support 
condition. This type of bearing detail allows for more 
pronounced bridge behavior. Using the eccentric load 
patterns as an example, for the bridge with varying amounts 
of cross bracing, the stress in the girder adjacent to the 
fractured girder (girder-5) increases 27% from Case 5 to Case 
7. The stress in the girder furthest from the fractured 
girder (girder-1) increases 75-84% (compression) from Case 5 
to Case 7. 
Similar increases in stress due to the different 
bearings exist for the central live load positions. The 
comparison of the girder stress profiles due to the deadload 
alone-Fig. 94 and Fig. 107-show that the stresses increase in 
girder-4 and girder-5 from Case 5 to Case? and the stresses 
decrease in girders-1, 2, and 3 from Case 5 to Case 7. This 
indicates that the bottom flange stresses in case 7 localize 
towards the girders nearest to the cracked girder (girder-6). 
The expansion-expansion support detail of Case 7 does not 
seem as effective in the equalization of stresses among the 
remaining intact girders as does the fixed-expansion support 
detail of Case 5. 
The bottom flange stresses for Case 8 are shown in Figs. 





















behavior to that shown in Case 6. The variations in stress 
due to the different support conditions between Case 6 and 
Case 8 is the same as the discription given in the preceding 
paragraph for Cases 5 and 7. 
5.2.3 Intact vs. Damaged Bridge 
A comparison of bottom flange stresses of the main 
girders of the intact bridge (Figs. 62-87) to the damaged 
bridge (Figs. 88-113) give a very good indictation of the 
stress redistribution capabilities of a multigirder bridge 
with and without the benefit of cross bracing. 
A comparison of Case 1 (Figs. 62-68) to Case 5 (Figs. 
88-94) indicates that a nearly 100% drop in stress occurs at 
the midspan of the fractured girder (girder-6), as expected. 
The majority of the stress previously taken by.this girder is 
redistributed to the adjacent girder (girder-5). Most of the 
remaining stress is taken by interior girder-4, and very 
little is distributed to the three girders furthest from the 
cracked girder (girders-1, 2, 3). For the eccentric load 
conditions (Figs. 62, 63, 66, and 88, 89, 92) with cross 
bracing present, the girder adjacent to the fractured girder 
(girder-5) experiences a 46% increase in stress from Case 1 
to Case 5. For interior girder-4, the stress increases 34% 
from Case 1 to Case 5. The stress increase in girders-1, 2 , 
and 3 is slight and is always less than 1.0 ksi. 
The central load conditions with cross bracing present 
exhibit similar patterns (Figs. 64, 65, 67 and 90, 91, 93). 
The stress in girder-5 increases 33-38% from Case -1 to Case 
5. The stress in girder-4 increases 13-19% from Case 1 to 
case 5. Again, the increase in stresses in girders-1, 2, and 
3 are small, less than 1.0 ksi. The structure deadweight 
conditions of Figs. 68 and 94 follow the same behavior as 
described by the live loads-the majority of stress from 
fractured girder (girder-6) is redistributed to the adjacent 





















of the girders furthest from the cracked girder. 
The comparison of Case 2 (Figs. 69-74} and Case 6 (Figs. 
95-100} is similar that of Case 1 and Case 5 presented above. 
For the eccentric loads with cross bracing, the stress in 
girder-S increases by 40% from Case 2 to Case 6. The stress 
increase for girder-4 is 20-23% from Case 2 to Case 6. The 
increase in stress in girder-3 and girder-2 is small, and is 
always less than 2 ksi. The stress decreases in the exterior 
girder-1 from Case 2 to Case 6. This decrease is never more 
than 1 ksi. Despite some minor differences in the numerical 
values of the stress variations, The overall behavior of the 
girder stress profiles due to the central load conditions is 
similar to that described for the eccentric loads above. 
The comparison of Case 3 (Figs. 75-81) to Case 7 (Figs. 
101-107) and Case 4 (Figs. 82-87) to Case 8 (Figs. 108-113) 
are similar in all respects to the detailed comparisons 
described above for Case 1 and Case 5 and case 2 and Case 6. 
Hence, any further comparisons would be repetitious. 
5.3 Stress Variation Due to Bottom Flange Discontinuity 
The variations of the stress in the bottom flange due to 
its change in thickness are presented in Tables 2-9. These 
tables contain results for only two girders. The girders 
considered were interior girder-4 and exterior girder-6. The 
stress variations occured at two "joints" (designated as 
"JNT" in the tables). Join~ 1 is designated as the thickness 
change which occurs 25'-0'' from the support where the bottom 
flange area increases from 15.75 in2 to 22.5 in2 . Joint 2 is 
designated as the thickness change which occurs 44'-0" from 
the support where the bottom flange area increases from 
22.5 in2 to 27.0 in2 . Stresses are listed in KSI, and the 
flange areas are in square inches. Also, the load condition 
7 was ommitted from Tables 3, 5, 7, and 9 to avoid 





















variations are monitored moving from the support to the 
midspan. Hence, a stress which increases going from the 
smaller to larger cross section is called an ''increasing" 
stress. Likewise, a stress which decreases going from a 
smaller to a larger cross section is called a ''decreasing" 
stress. 
5.3.1 Intact Bridge 
An inspection of Tables 2 and 4, which represent Cases 1 
and 3 respectively, indicates the commom behavior of each 
case for all amounts of cross bracing. For load conditions 1 
and 5-one vehicle in the outermost lane-the stresses decrease 
1-7% in both joints of girder-4 and Joint 1 of girder-6. 
Stresses increase 0-2% in Joint 2 of girder-6. For load 
conditions 2 and 4, the flange stresses decrease 1-5% in 
Joint 1 of girder-4 and both joints of girder-6. Stresses 
increase 0-3% in Joint 2 of girder-4. 
For load conditions 3 and 6, stresses increase up to 10% 
in both joints of girder-4. Stresses decrease 3-8% in both 
joints of girder-6. For load condition ?-structure 
deadweight only-stresses decrease in both joints of both 
girder-4 and girder-6. 
The stress variations of Case 2 and Case 4 are contained 
in Tables 3 and 5 respectively. Being similar to the 
srtructure deadweight alone, it is seen that for all load 
conditions and all amounts of cross bracing, the stresses 
decrease in both joints of both girder-4 and girder-6. It 
must be noted that the stress variation at the "joints'' is 
never greater than 1.0 ksi. The reasoning for the existence 
of the stress variation is as follows: the change in cross 
sectional area of the flange is greater (or less) than the 
change in the flange force moving from one side of the 
''joint" to the other. Thus, a decrease (or increase) in the 






















5.3.2 Damaged Bridge 
The stress variations of Case 5 and Case 7 are shown in 
Tables 6 and 8 respectively. Similar behavior in each case 
is observed for all load conditions and amounts of cross 
bracing. For load conditions 1 and 5, all the stresses 
decrease in both joints of girder-4 and girder-6. For load 
conditions 3 and 6, the majority of stresses increase in both 
joints of girder-4. All stresses increase in both joints of 
girder-6. The stress variations of load conditions 2 and 4 
do not develop any consistent pattern worthy of comment. 
However, in load condition 7-structure deadweight-all 
stresses decrease in both joints of girder-4 and girder-6. 
Case 6 and Case 8 are contained in Tables 7 and 9 
respectively. These two cases exhibit similar behavior for 
all load conditions and all amounts of cross frames. The 
behavior of the stress variations is similar to the structure 
deadweight condition described for Cases 7 and 9 in the 
preceding paragraph. The stresses decrease in both joints of 
girder-4 and girder-6. The stress variation is never greater 
than 1.5 ksi. 
5.3.3 Intact vs. Damaged Bridge 
As seen in Tables 2-9, the stress variations at the 
''joints" are small in both the intact and damaged bridge 
condition. In comparing the intact bridge condition (Tables 
2-5) to the damaged bridge_ condition (Tables 6-9), slight 
increases in the stress variations occur at each joint when 
the crack is imposed in girder-6, but the largest change in 
stress is never greater than 0.5 ksi. Of more importance in 
comparing the two sets of tables is the increase and decrease 
in overall stresses in the girders when a crack is imposed in 
girder-6. 
An inspection of Table 2 (Case 1) and Table 6 (Case 5) 
shows that, for all load conditions and cross bracing 





















girder-4 and decrease at both joints of girder-6 when the 
bridge changes from the intact to damaged state. These 
results are expected and support those found in Section 5.2. 
To illustrate, for a bridge using normal-sized cross bracing 
subjected to load condition 1, the overall stresses increase 
33% in both joints of girder-4 and decrease 53-59% in both 
joints of girder-6 from Case 1 to Case 5. The other cross 
frame and loading conditions of Tables 2 and 6 show very 
similar results. 
The comparisons of Tables 3 and 7, Tables 4 and 8, and 
Tables 5 and 9 are all similar to the description given above 
for Tables 2 and 6. In all cross bracing and load 
conditions, the overall stresses increase in both joints of 
girder-4 and decrease in both joints of girder-6. 
5.4 Longitudinal Stress in the Concrete Deck Slab at Mispan 
The longitudinal stresses in the deck slab of the intact 
and damaged bridges are illustrated in Figs. 114-165. The 
description of the specific locations where longitudinal 
stresses were monitored across the width of the concrete deck 
is presented in Section 4.2.2. 
5.4.1 Intact Bridge 
The slab stresses for Case 1 and Case 3 are shown in 
Figs. 114-120 and Figs. 127-133 respectively. Inspection of 
these figures indicate that there is only slight and nearly 
imperceptible differences between the slab stress profiles of 
Case 1 and Case 3. In general, the Case 3 slab stresses are 
only very slightly greater than the Case 1 stresses at 
locations under the vehicle. The following commentary on 
slab stress behavior is therefore applicable to both cases. 
O~serving the figures for Case 1 and Case 3 shows that 
the greatest amount of stress in the slab occurs at or near 
the loaded region of the bridge deck. The slab stresses 





















applied vehicle. It is also evident from the figures that 
the cross bracing has the tendency to redistribute slab 
stresses. The addition of cross bracing results in a better 
mechanism in which the stresses can migrate within the 
structure to form a more equal distribution of stresses. 
Slab stresses for Case 2 and Case 4 are presented in 
Figs. 121-126 and Figs. 134-139. These figures represent the 
superposition of the live load stress profiles (Figs. 114-119 
and Figs. 127-132) onto the structure deadweight stress 
profiles (Figs. 120 and 133). The differences between the 
numerical values of the slab stresses of Case 2 and Case 4, 
with the exception of the bridge condition with no cross 
bracing, are slight and imperceptible. For all practical 
purposes, the two cases are considered the same and the 
following comments of the slab stress behavior is equally 
applicable to both cases. 
From the figures representing Cases 2 and 4, it is seen 
that as the size of the cross bracing increases, the amount 
of compressive stress in the slab also increases. This 
behavior is typical for all the load conditions. The only 
significant redistribution of stresses in the deck slab 
occurs when the bridge changes from a condition of no cross 
bracing to a condition of normal-sized cross bracing. Any 
additional amount of cross bracing does not seem to 
significantly improve the bridge deck behavior. This result 
supports findings described-earlier in Section 5.1 and 5.2. 
From the review of figures of the slab stresses for 
Cases 1-4, it becomes apparent that the deadweight of the 
structure accounts for most of the longitudinal stress which 
exists in the concrete deck slab. An example of the 
influence that the dead load has on the slab stresses can be 
readily seen in a comparison between Fig. 114 and Fig. 121. 
Fig. 114, which considers only the live load of one HS20 
vehicle, shows very distinct slab stresses and their 





















In contrast, Fig. 121 shows a nearly constant stress profile 
across the width of the deck. Moreover, the stresses in the 
slab are 30 to 50 times greater than those shown in Fig. 114. 
These large deadeweight induced stresses, and their nearly 
constant distributions across the midspan of the deck slab, 
effectively "wash out" any stress distribution pattern which 
resulted from the application of live load. 
5.4.2 Damaged Bridge 
The slab stress profiles for the four cases of the 
damaged bridge are illustrated in Figs. 140-165. The stress 
profiles for Case 5 and Case 7 are shown in Figs. 140-146 and 
Figs. 153-159 respectively and are nearly identical. Due to 
the similar behavior exhibited by the two cases, the 
commentary to follow is applicable to both Case 5 and Case 7. 
For the eccentric load conditions (Figs. 140, 141, 144 
and 153, 154, 157), the stress profiles show high tensile 
stresses developing in the portion of the slab directly over 
the fractured girder (girder-6). Moving away from the 
damaged region, the slab stress reverts back to compression. 
These compressive stresses over the remaining intact girders 
are negligible. For the central load conditions (Figs. 142, 
143, 145 and 155, 156, 158), the stress profiles again show 
high tensile slab stresses over girder-6. The stresses in 
the slab above the intact girders vary in sign and magnitude, 
depending on the vehicl~. The compressive stresses are low 
and negligible and the tensile stresses are moderate in this 
region of the deck. 
The slab stress profiles for the structure deadweight 
are shown in Figs. 146 and 159. A large tensile stress 
develops over the damaged girder-6. The stress reverts to 
compression over girder-S. This moderate compressive stress 
stays relatively constant across the remaining width of the 
midspan. It is seen in Figs. 146 and 159 that the cross 





















from the slab region above the damaged girder to the adjacent 
portion of the slab over girder-5. The effect of cross 
bracing is negligible in the remaining portion of the slab. 
Also, the most effective stress transfer involves the 
addition of the normal-sized cross frames and supports 
earlier findings presented in Section 5.1 and 5.2. 
The stress profiles for Case 6 and Case 8 are shown in 
Figs. 147-152 and Figs .. 160-165 respectively. The stress 
profiles of the two cases are nearly identical and thus the 
following discussion is applicable to both Case 6 and Case 8. 
Inspection of the figures for the two cases reveals stress 
profiles which possess the same overall characteristics that 
were previously displayed considering only the structure 
deadweight of Figs. 146 and 159. Only slight increases in 
stress occur due to live load application. All other 
behavior is the same as the dead load-only condition. 
5.4.3 Intact vs. Damaged Bridge 
A comparison of Case 1 (Figs. 114-120) to Case 5 (Figs. 
140-146) illustrates the redistribution of slab stresses in 
the concrete deck as a result of the fracture in the 
exterior girder (girder-6). For all live load conditions, 
there is a complete reversal in stress in the region of the 
slab directly above the cracked girder. Case 1 exhibits 
small compressive stresses and Case 5 possesses very large 
tensile stresses. The stresses in the region of the slab 
above the intact girders (girder-1 to girder-5) remain 
relatively constant from Case 1 to Case 5. 
The slab stress profile for the structure deadweight is 
symmetrical in Case 1 and unsymmetrical in Case 5. The slab 
stress in the deck directly above the damaged girder 
experiences a complete reversal from Case 1 to Case 5-from a 
moderate compressive stress to a very large tensile stress. 
The compressive stresses in that portion of the slab 





















on the amount of cross bracing present in the bridge. The 
compressive stresses in the remaining portion of the deck 
above girders-1, 2, 3, and 4 are relatively unaffected by the 
crack in the exterior girder (girder-6) . 
The comparison of Case 3 (Figs. 127-133) and Case 7 
(Figs. 153-159) is similar in all respects to that given 
above for Case 1 and Case 5. Also, comparisons between Cases 
2 and 6 and Cases 4 and 8 are identical to the comparison of 
the structure deadweight conditions of Cases 1 and 5 given 
above. 
5.5 Transverse Stress in Concrete Deck Slab at Midspan 
The transverse stresses in the slab across the width of 
concrete bridge deck for Cases 1-8 are listed in Tables 10-17 
respectively. Each table contains four different cross brace 
conditions and seven load conditions. The exact position of 
the slab stresses with respect to each girder is described in 
Section 4.2.2. 
5.5.1 Intact Bridge 
Cases 1 and 3 are listed in Tables 10 and 12. The 
stresses in the slab are very low for all amounts of cross 
bracing and all load conditions. An inspection of the values 
demonstrates that the variations in stress across the midspan 
are directly dependent on the location of the live load. The 
effects of cross bracing are noticable when the normal-sized 
frames are introduced. However, any increase in the size of 
the frames has negligible impact on the stresses. 
Cases 2 and 4 are listed in Tables 11 and 13. The 
addition of deadweight significantly increases the stresses 
in the slab. However, in comparison with longitudinal stress 
values, these stresses are still relatively low. An 
exception is the stresses induced by the PADOT 204 kip permit 
vehicle. It is seen that in load condition 6 of Tables 2 and 





















interior girders (girder-3 and girder-4). However, it is 
also noted that the stresses decrease to more acceptable 
levels when cross bracing is introduced. 
5.5.2 Damaged Bridge 
Cases 5 and 7 are listed in Tables 14 and 16. An 
inspection of the stresses in the region of the slab directly 
above the fractured exterior girder (girder-6) and the 
adjacent interior girder (girder-5) show noticably large 
stress variations. More specifically, large tensile stresses 
exist in the region of the slab directly above the fractured 
girder. The stress in the slab above the first interior 
girder (girder-5) reverts back into compression for most load 
cases. The stresses in the remaining portion of the slab 
varies and depends on the load condition. 
Cases 6 and 8 are listed in Tables 15 and 17. The 
behavior of the stress in the region of the crack is similar 
to the discription given above for Cases 5 and 7. In all 
load conditions, the stress in the portion of the slab 
directly above the first interior girder (girder-5) is always 
in compression and always represents the maximum compressive 
stress across the midspan of the concrete deck. The stresses 
in the remaining portion of the concrete deck above 
girders-1, 2, 3, and 4 are negligible. It is seen from 
Tables 15 and 17 that the addition of normal-sized cross 
frames significantly decrea?es the stresses in the slab above 
girder-5 and damaged girder-6. However,increasing the size 
of the cross bracing has only limited improvement in 
decreasing the stresses. 
5.5.3 Intact vs. Damaged Bridge 
The comparison of Cases 1-4 (Tables 10-13) and Cases 5-8 
(Tables 14-17) indicate that the significant changes in the 
slab stresses occur in the immediate vicinity of the 





















for the longitudinal slab stresses. From the tables it is 
seen that the stresses change from either negligible tensile 
or compressive stresses to very large tensile stresses in 
that region of the slab directly above the damaged girder 
(girder-6). Also, the stresses change from negligible 
tensile or compressive stresses to large compressive stresses 
in the region of the deck slab over the girder adjacent to 
the cracked girder (girder-S). The stress variations in the 
remaining portion of the deck above girders-1, 2, 3,and 4 are 
evident but they are not significant. Finally, an inspection 
of the tables indicates that, unlike the longitudinal slab 
stresses, the live loads noticably influence the transverse 
stresses in the slab. 
5.6 Cross Frame Stresses at Midspan 
The cross frame stresses are illustrated in Figs. 
166-177. Each figure contains the three different sizes of 
cross frames used in each case. Section 4.2.3 describes in 
detail which cross frames are used to study the stress 
distribution and also the load conditions which produce these 
stresses. All stresses in the figures are in KSI. Figs. 
166-173 show the cross frame stresses for Cases 1-8 
considering only load condition 6. Figs. 174-177 show the 
cross frame stresses due to the structure deadweight for each 
of the eight cases. 
5.6.1 Intact Bridge 
The cross frame stresses for the intact bridge of Cases 
1-4 are shown in Figs. 166-169 respectively. For Case 1, 
shown in Fig. 166, it is evident that increasing the size of 
the cross frames results in a decrease in the stress of each 
member. A 30-50% drop in stress occurs in the frame members 
for each successive increase in cross frame size. Case 2, 
shown in Fig. 167, exhibits the same exact behavior. In 





















deadload causes a decrease in stress in some of the members. 
For example, the cross bracing which frames into exterior 
girder-6 will experience a 15-45% drop in stress when the 
deadload is considered. 
An evaluation of the cross frame stresses of Cases 3 and 
4 (Figs. 168 and 169) shows exactly the same behavior which 
was noted for Cases 1 and 2 above. some differences between 
Cases 1 and 2 and Cases 3 and 4 do exist as a result of the 
different support condition assumptions. As discussed in 
Sections 5.1 and 5.2, the inherent flexibility of the 
expansion-expansion bearing detail results in an upper bound 
in terms of the response of the bridge. Hence, the cross 
frame stresses are greater in Cases 3 and 4 than in Cases 1 
and 2. Referring to Figs. 166 and 1·68, for normal-sized 
cross bracing, there is a 4-8% stress increase·in the members 
from case 1 to Case 3. For double-sized cross bracing, the 
stress will increase 2-5% from Case l to Case 3. The 
quadruple-sized bracing shows only a 0-3% stress increase 
from Case 1 to Case 3. Similar variations in stress 
increases occur from Case 2 to Case 4. 
The cross frame stresses for the intact bridge resulting 
from the structure deadweight are shown in Figs. 174 and 175 
for Cases 1 and 2 and Cases 3 and 4 respectively. The effect 
of cross bracing in controlling the member stresses is the 
same as the description given for case 1 above. In 
comparison with the values in Cases 1 and 3, it is seen that 
the cross frame stresses are controlled by the live loads of 
the PADOT 204 kip permit vehicle. The deadload induced 
stresses in the cross bracing framing into exterior girder-6 
are opposite in sign to the live load induced stresses. 
Thus, the addition of deadload actually relieves the stresses 
in some of the members. As previouly noted, this can be seen 
in the lower values of stress in some of the cross frames in 






















5.6.2 Damaged Bridge 
The cross frame stresses for the damaged bridge 
conditions of Cases 5-8 are shown in Figs. 170-173. As was 
illustrated for the intact bridge condition, the cross frame 
stresses will generally decrease as the cross bracing sizes 
increase. However, there are several isolated exceptions 
when only the live load is considered. Cases 6 and 8, which 
are more consistent than Cases 5 and 7, show member stresses 
which decrease 20-70% for each successive increase in cross 
bracing size. Increases in member stresses occur from Case 5 
to Case 7 and Case 6 to Case 8 in a similar manner as was 
disscussed previously for the intact bridge. However, the 
increases are more varying and inconsistent due to the 
presence of the fracture in exterior girder-6, especially in 
Cases 5 and 7. Again, for the more consistent behavior of 
Cases 6 and 8 (Figs. 171 and 173), the stresses in each of 
the three different sized frames will increase 10-25% from 
Case 6 to Case 8. 
The cross frame stresses for the damaged structure 
considering only structure deadweight for Cases 5 and 6 and 
Cases 7 and 8 are shown in Figs. 176 and 177 respectively. 
Each successive increase in the cross frame size will cause a 
25-50% decrease in the member stresses. It is seen in these 
figures, as well as those in Figs. 170-173 (Cases 5-8), that 
the stresses due to the structure deadweight are severe and 
dominate as the controlling stresses in the cross frames. 
This is a direct result of the crack in the exterior girder 
(girder-6). Comparing Figs. 170, 171, and 176 shows that the 
addition of live load only makes a small contribution to the 
stresses which are present due to dead load. However, these 
live load stresses are additive in all but one frame member, 
thus potential problems exist for subsequent live loadings. 
5.6.3 Intact vs. Damaged Bridge 






















174-175 to Figs. 176-177 indicate clearly the influence that 
a fractured exterior girder (girder-6) has on the behavior of 
the cross frames at midspan. Since the live load 
distributions are inconsistent and difficult to interpret 
with the limited data presented herein, the basis of 
comparison between the intact and damaged states will use the 
cross frame stresses which result from structure deadweight 
and any combined live load. A comparison of Case 2 (Fig. 
167) to Case 6 (Fig. 171) shows that for all amounts of cross 
bracing, a complete reversal and very large increase in 
stress occurs in the three members framing into the damaged 
exterior girder (girder-6). The stresses in the two 
horizontal members framing into both sides of interior 
girder-4 experience similar variations. The diagonal frames 
of girder-4 vary in both sign and magnitude but are minor 
compared to these other members. 
Similar results are found for Case 4 (Fig. 169) and Case 
8 (Fig. 173). For the dead load-only conditions shown in 
Fig. 174 and 176, stresses greatly increase in magnitude but 
do not reverse sign. This result is consistent for all cross 
brace sizes and support conditions. The greatest increase in 
stress occurs in the frames attached directly to the damaged 
girder (girder-6) and the bottom horizontal members framing 
into both sides of interior girder-4. The diagonals framing 
into interior girder-4 remain relatively unaffected. The 
dead load induced stresses shown in Figs. 175 and 177 exhibit 
the exact same behavior. 
The cross frame stresses are controlled by the live 
loads when the bridge is intact and fully operational. This ' 
is in complete contrast to the damaged structure in which the 
dead load clearly controls the cross frame stresses. The 
fact that the structure dead load has such pronounced 
effects on the behavior of the damaged bridge supports 
findings cited earlier in Sections 5.1, 5.4, and 5.5. The 





















causes the large deflections and sagging of the bridge. When 
the damaged girder deflects downward, it "pulls" the cross 
frames with it and the frames, along with the rest of the 
structure, "pulls" back on the damaged girder (Every action 
causes and equal and opposite reaction). It is this effort 
to keep the structure in equilibrium that causes the high 
stresses in the cross frames when the bridge is the damaged 
state. 
5.7 Horizontal Reactions at Fixed Bearings 
A description of the horizontal reaction forces is 
presented in Section 4.2.4. Only Cases 1 and 2 of the intact 
bridge and Cases 5 and 6 of the damaged bridge are presented 
since it is only these cases which use the fixed-expansion 
support condition. The horizontal reaction fotces of Case 1 
are shown in Figs. 178-184. An inspection of the figures for 
each of the load conditions indicates erratic and somewhat 
unpredictable force distributions for a bridge without the 
benefit of cross bracing. It is also seen that the forces at 
each bearing vary depending on the live load condition. The 
introduction of cross bracing significantly changes the 
behavior of force distributions. For the eccentric loads, 
the forces increase in the two girders under the vehicle 
(girders-5 and 6) and also in the two girders furthest from 
the vehicle (girders-1 and 2). However, for the central 
loads, forces noticeably_ decrease in the interior girders 
beneath the load (girders-3 and 4) as well as in the 
remaining girders. The cross bracing seems to stiffen the 
bridge superstructure and, for the eccentric loads, causes 
the girders to induce larger axial forces on the bearings. 
The symmetrical distribution of horizontal forces due to 
the structure deadweight of an intact bridge is shown in Fig. 
184. This figure clearly demonstrates the effectiveness of 
the cross frames in regulating the forces on the bearings 





















conditions. Also shown is the effectiveness of the larger 
sized cross bracing in controlling the reaction forces. 
Figs. 185-190 show the horizontal reaction forces when both 
the live and dead loads are considered. These figures show 
the sizeable forces which must be resisted by the anchor 
bolts and the bridge pier. Again, the forces are largely 
dependent upon the position of the live load vehicle and the 
highest forces are the result of the eccentric loads. The 
erratic behavior of the bridge without cross frames is also 
evident. 
The introduction of the cracked exterior girder and its 
effects on the horizontal reaction forces imparted on the 
bearings are shown in Figs. 191-197 (Case 5) and Figs. 
198-203 (Case 6). For the eccentric load conditions, it is 
seen that the force distribution of Case 5 (Figs. 191, 192, 
195) is similar to the Case 1 (Figs. 178, 179, 182) force 
profiles. Case 5 also exhibits the same erratic behavior of 
the condition of no cross bracing as was displayed in Case 1. 
However, the forces on the bearings will increase from Case 1 
to Case 5 due to the presence of the imposed crack in the 
exterior girder. With cross bracing present, the forces will 
increase 25-55% from Case 1 to Case 5. 
The central load positions (Figs. 180, 181, 183 and 193, 
194, 196) also show similar force distribution profiles for 
Case 1 and Case 5. The forces will increase in all bearings 
due to the crack in the ext~rior girder. The largest and 
most noticable increase in force occurs at the damaged girder 
(girder-6), the girder adjacent to the damaged girder 
(girder-S) and the two girders furthest from the damaged 
girder (girders-1 and 2). 
The effects of deadload on the horizontal bearing forces 
of the damaged bridge are shown in Fig. 197. The 
unsymmetrical force distribution which favors the damaged 
side of the bridge is readily apparent. Compressive forces 





















bridge with the cracked girder (girders-4, 5, 6) and tensile 
forces develop in the remaining girders (girders-1, 2, 3). 
In comparison with the dead load condition of Case 1 (Fig. 
184), the forces in girders-1, 4, and 5 must reverse their 
sign and increase in magnitude to accomodate the crack in 
exterior girder-6. 
For the condition of live and dead loads of Case 6, a 
comparison of Figs. 198-203 to Figs. 185-190 of Case 2 
indicates that the overall force distribution patterns remain 
the same for all load conditions. However, due to the 
imposed girder damage, the magnitude of the forces can 
increase to very high levels. 
5.8 Lateral Web Distortions at Midspan 
The displacements of the top flange relative to the 
bottom flange for girder-3 through girder-6 at midspan are 
listed in Tables 18-25. Referring to these tables, in the 
"location on girder" column, the "T" indicates the lateral 
displacement of the top girder and the "B" is the lateral 
displacement of the bottom girder. "REL" is the relative 
displacement between the top and bottom flanges and is the 
topic of this section. All displacements are with respect to 
the global-axis coordinates used to define the orientation of 
the finite element model. 
The lateral web distortions of Case 1 are contained in 
Table 18. For eccentric lo~ds, it is seen that successively 
increasing distortions occur in each girder going from 
interior girder-3 to exterior girder-6 ,where the maximum 
relative deflection occurs. As cross bracing is increased 
in size, there is a decrease in the relative distortions. 
For the central loads, the maximum relative web distortion 
occurs at the interior girder-3. This girder is adjacent to 
the girder directly beneath the vehicle (girder-4). The 
relative distortion decreases in magnitude in each girder 





















size of the frames has negligible effect on the values of the 
distortions. 
The effect of the structure deadweight on the relative 
distortion of the girder webs is nelgligible. Studying the 
signs of the displacements of the top and bottom girder 
indicates that for all loading conditions, the bottom flange 
moves in toward the center of the bridge with respect to the 
top flange for all nearly all girders. This "cantilever 
effect" can be seen in Fig. 204. As illustrated in this 
figure, the girders conform to the distortion of the concrete 
deck slab and as a result produce the web distortions 
contained in the Table 18. 
The web distortions for Case 2 are listed in Table 19. 
The characterisics established for the eccentric load 
conditions of Case 1 are the same for Case 2. The net effect 
of the relative distortions when dead load is considered is 
not much greater than the live load alone. For example, 
considering load condition 1, only a 2-8% increase in the 
relative web distortions occurs from Case 1 to Case 2. For 
the central load conditions, the web distortion is affected 
much more by the addition of dead load. For load condition 
3, the distortions can increase as much as 100%. Despite 
this seemingly large increase, the overall behavior still 
shows the "cantilever effect" of Fig. 204 for all the 
girders. 
Case 3 (Table 20) and C~se 4 (Table 21) display the same 
web distortion characteristics which are described above for 
Cases 1 and 2 respectively. The web distortions due to the 
eccentric loading increases 5-40% from Case 1 to Case 3. The 
distortions increase 30-80% from Case 1 to Case 3 for the 
central load conditions. Similar increases occur from Case 2 
to Case 4 due to the support condition assumption. 
The web distortions for Cases 5 and 7 are shown in Figs. 
22 and 24. The overall distortion behavior is similar to 





















magnitude of the distortions increase due to the presence of 
the cracked girder. For the eccentric loads, the web 
distortions increase 30-50% from Case 1 to Case 5. The 
largest increase occurs at the damaged girder. For central 
loads positions, the web distortions can increase 40-100% 
from Case 1 to Case 5. However, the largest difference in 
web distortion between Case 1 and Case 5 for central loading 
is 0.037 in., which is insignificant when considering the 
overall behavior of the bridge. 
It was noted previously that the deadweight of the 
intact structure {Case 1, Table 18) had negligible influence 
on the web distortions for the eccentric loading. An 
inspection of Table 22 (Case 5) however, indicates very large 
and substantial web distortions existing in the damaged 
structure when the deadweight is considered. ·Increases in 
web distortions of 95-100% occur from Case 1 to Case 5. 
These distortions still show the girder's bottom flange 
"kicking" in to cause the ''cantilever effect" shown in Fig. 
204. Similar comparisons can be made between Case 3 (Table 
20) and Case 7 {Table 24). 
Cases 6 and 8 of Tables 23 and 25 show similar trends in 
behavior as Cases 2 and 4 of Tables 19 and 21 respectively. 
However, due to the structure deadweight, large increases in 
the web distortions occur from Cases 2 and 4 to Cases 6 and 
8. For the eccentric loads, the distortions can increase 
from 70-80% from Case 2 to Case 6. For the central loads, 
90-95% increases in the magnitude of the distortion occur 
from Case 2 to Case 6. It is seen that in both the intact 
and damaged bridge condition, the relative displacements 
between the top and bottom flanges decrease as the size of 
the cross frames increases. The large increase in the web 
distortions when deadload is considered in the damaged bridge 
indicate that the cracked girder is much more influential in 






















5.9 Web Root Stress Due to Lateral Distortions 
The root stresses in the girder webs are introduced in 
Section 4.2.5. These stresses are only evaluated at midspan 
and are calculated using a small finite element model which 
is described in Appendix B. The root stresses are contained 
in Tables 26 and 27. Table 26 contains the stress in the web 
portion of the girder very near the bottom flange-web 
interface. Table 27 contains the stress in the web portion 
of the girder very near the top flange-web interface. All 
stresses in the tables are in PSI. As a basis of comparison, 
the load conditions of the two HS20-44 vehicles and the PADOT 
204-kip permit vehicle were used. The vehicles were 
positioned over the interior girder (girder-4) and the 
exterior girder (girder-6). These positions correspond to 
load conditions 2, 4, 5, and 6 shown in Fig. 7. Only the 
intact bridge superstructure was considered. As such, all 
four cases (Cases 1-4) and cross bracing conditions are 
contained in Tables 26 and 27. 
After a careful review of Tables 26 and 27 it can be 
said that the PADOT 204-kip permit vehicle is predominately 
the upper bound in all but two isolated exceptions-the 
exterior girder in Cases 1 and 3 in Table 27. The tables 
also indicate that the bridge with no cross frames displays 
erratic behavior and that the introduction of cross bracing 
establishes a definite pattern in the stress activity. 
However, these stresses ~re very low-all less than 0.5 ksi. 
This finding indicates that in the region of the girder 
without any attachments (cover plates, connection plates, 
stiffeners, and other details), negligible stresses develop 
in the web due to the displacement of the top girder with 
respect to the bottom girder. The high stresses which are 
found in the web of a girder are usually in regions very 
close to web attachments. (6 ) In turn, this region also 
becomes susceptible to fatigue cracking. This limited study 





















attachments. Hence, it is plausible that it is these 
attachments which can cause the high and localized stresses, 
and thus fatigue cracks. However, a discussion of this 





















6. SUMMARY AND CONCLUSIONS 
This investigation was conducted to study the structural 
behavior of an intact and damaged steel multigirder highway 
bridge by using a detailed three dimensional finite element 
model of the bridge superstructure. This analysis procedure 
allowed a parametric study to be conducted which varied 
the load conditions, support conditions, cross frame size, 
and the integrity of the bridge superstructure. Observations 
were made regarding the effects of these variables on the 
bridge response. First the behavior of the intact bridge was 
evaluated. The bridge was then subjected to a full depth 
crack in the exterior girder. Using the results from the 
intact bridge as a basis of comparison, the damaged bridge 
was studied to determine the load redistribution patterns in 
the primary and secondary members of the superstructure due 
to the crack. A summary of the bridge resposes for the both 
the intact and damaged bridges are presented in the following 
subsections. 
6.1 Intact Bridge Behavior 
The effects of each parameter on the responses of the 
intact bridge are presented individually. To expedite the 
presentation of the findings, those behavior characteristics 
which were exemplified by more than one response will use the 
collective term "respon_ses". Subsection numbers of 
pertinent individual responses from Section 5 are included in 
the parentheses for reference purposes. To obtain a more 
detailed disscusion of a particular response, refer to the 
appropriate subsection listed. 
6.1.1 Cross Frames 
1. The behavior of the bridge without the cross frames is 
very pronounced and erratic for each of the responses 
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to localized responses in the vicinity of the applied 
vehicle load. (5.1.1-5.9) 
2. The introduction of normal-sized (plan specified) cross 
frames significantly improves the behavior of the structure 
for all the resposes considered. The cross frames 
effectively distribute the responses away from the loaded 
region of the bridge to unloaded regions. (5.1.1-5.5.1) 
3. The only significant redistribution of responses occurs 
when normal-sized cross frames have been added to the 
bridge. Doubling and quadrupling the size of the cross 
frames does not seem to significantly improve the behavior 
of the bridge. (5.1.1-5.9) 
4. The cross frame stresses are dependent on the location 
of the applied live load. (5.6.1) 
5. The cross frames stresses decrease when their size is 
increased. (5.6.1) 
6. The increased stiffness of the bridge with the addition 
of cross frames will generally increase the horizontal 
forces on the fixed bearings. (5.7) 
6.1.2 Bearings 
1. The responses in 
expansion-expansion support 
than those values obtained 
condition. (5.1.1-5.9) 
the bridge due to the 
condition were always greater 
for the fixed-expansion support 
2. Horizontal reaction forces developed only in the fixed 
end bearings. The combination of the eccentric live load 
conditions and the structure deadweight induced the highest 
forces on the fixed bearings. (5.7) 
6.1.3 Load Conditions 
1. The worst case live load condition in terms of girder 
displacements and stresses is the PADOT 204-kip permit 
vehicle in the outermost lane (load condition 5). 
(5.1.1, 5.1. 2) 
2. The longitudinal stresses in the concrete deck slab due 
to structure deadweight are 30-50 times greater than the 
live load induced stresses. (5.4.1) 
3. The lateral web distortions are strictly dependent on 
live load applications. The dead load has negligible 





















6.2 Load Redistribution in a Damaged Bridge 
A summary of the redistribution patterns of each of the 
responses among the primary and secondary members for the 
damaged bridge are presented. As described above for the 
intact structure, the responses are described in a collective 
fashion with the appropriate subsection numbers of Section 5 
in parentheses. 
6.2.1 Primary Members 
1. The maximum deflection at midspan occurs in the damaged 
girder (girder-6) at all times. (5.1.2) 
2. The bottom flange stress in damaged girder (girder-6) 
decreases to zero at midspan. (5.2.2) 
3. Most of the stress previously taken by 
girder (girder-6) is redistributed to 





4. There is negligible stress increases in the three 
girders furthest from the cracked girder (girders-1, 2, 3). 
(5.2.2) 
5. The concrete deck slab experiences prohibitively high 
tensile stresses in both the longitudinal and transverse 
directions in the immediate vicinity of the fractured 
girder (5.4.2, 5.5.2). There is a complete reversal in the 
sign of the stress-compression to tension-in this vicinity 
of the slab. (5.4.3, 5.5.3) 
6. The concrete deck slab stresses revert back to 
compression in the region of the slab over the first 
interior girder adjacent to the cracked girder (girder-S). 
This is the maximum compressive stress in the slab. (5.4.2, 
5.5.2) 
7. Concrete deck slab compressive stresses in the region 
of the slab over the four girders furthest from the cracked 
girder remain relatively unaffected by the presence of the 
fractured girder.(5.4.2, 5.5.2) 
6.2.2 Secondary Members 
1. The worst case responses in this study were recorded 
for a damaged bridge without cross frames. These upper 
bound responses were very localized in the vicinity of the 





















2. The introduction of normal-sized cross frames has a 
significant positive influence in controlling the dramatic 
responses which result from the fractured exterior girder. 
(5.1.2-5.8) 
3. The cross frames effectively reduce the large 
deflections of the cracked girder (girder-6). Deflections 
will increase slightly in the four girders furthest from 
the crack (girders-1 through 4). (5.1.2) 
4. The cross frames will effectively redistribute the 
girder stresses from the girder adjacent to the fractured 
girder (girder-S) to interior girder-4 and girder-3. 
(5.2.2) 
5. Despite the presence of the fractured girder, the cross 
frames also redistrubute girder deflections and stresses 
due to the live load applications. (5.2.2, 5.2.2) 
6. The most significant improvement in .the behavior of the 
damaged bridge occurs when the normal-sized frames are 
added to the structure. Doubling and quadrupling the cross 
frame sizes shows negligible improvement in the overall 
global bridge behavior. (5.1.2-5.8) 
7. Cross bracing effectively transfers the 
stresses away from the slab region above the damaged 
to the adjacent portion of the slab over girder-s. 
the compressive stress will decrease in the deck 





8. The effect of cross frames in transferring 
from the cracked region of the concrete deck slab 
region of the slab directly above girder-1 through 




9. The stresses in the cross frames decrease when the 
cross frames increase in size. (5.6.2) 
10. The largest increases in cross frame stress from the 
intact to damaged state occurs in the bracing framing into 
the fractured girder (girder-6) at midspan, and the two 
horizontal members framing into interior girder-4. (5.6.3) 
11. The horizontal reaction forces at the fixed bearings 
increase up to 55% when the crack is imposed in the 
exterior girder. (5.7) 
12. The fixed-expansion support condition controls the 
responses of the damaged girder much more effectively than 





















13. The damaged bridge using expansion-expansion bearings 
will possess the greatest vertical differential 
displacement between the two exterior girders (girder-1 and 
girder-6). (5.1.2) 
14. The largest increase in the lateral web distortion 
occurs at the damaged girder (girder-6). (5.8) 
6.2.3 Load Conditions 
1. The worst case loading in the damaged bridge is due to 
the structure deadweight. The dead load controls for all 
responses in the damaged bridge. (5.1.2-5.8) 
2. The influence of the live load on the damaged bridge 
responses is usually additive, but in almost all cases it 
is insignificant when compared to the the dead load. 
(5.1.2-5.8) 
3. The very high stresses in the cross frames of the 
damaged bridge are almost exclusively due to the structure 
deadweight. This is in sharp constrast to the cross frame 
stresses which are controlled by the live load conditions 
in the intact bridge. (5.6.2) 
4. The lateral web distortions, which were controlled 
exlusively by the live loads in the intact bridge, greatly 
increase due to the deadload of the damaged structure. 
(5.8) 
6.3 Summary of Conclusions 
6.3.1 Effects of Cross Frames In the Intact Bridge 
1. Of all the cross frame conditions, the optimum bridge 
behavior in this study proved to be the superstructure with 
the normal-sized (plan specified) cross frames. 
2. Cross frames contribute to the distribution of live 
load within the superstructure. The effectiveness of this 
distribution is dependent on the location of the live load 
vehicle. 
6.3.2 Redundancy of the Bridge 
1. The responses of the damaged bridge are localized in 
the region of the fractured girder. 
2. The stresses from the damaged girder were mobilized to 
the adjacent girder, the region of the concrete deck slab 






















3. Stresses in the four girders furthest from the 
fractured girder, and the stresses in the concrete deck 
slab above these girders, remained relatively unaffected by 
the imposed crack. 
4. The cross frames effectively 
deflections of the damaged girder. 
control vertical 
5. The cross frames also help redistribute stresses away 
from the damaged andjor loaded region of the superstructure 
to adjacent intact andjor unloaded regions of the bridge. 
6. The bridge displays a high degree of redundancy and is 
in no danger of collapsing. 
7. Because the structure deadweight represents the worst 
case loading condition of the damaged bridge, the 
application of live loads being almost negligible, possible 
repairs of the cracked girder of the bridge could be 
conducted without major disruption of traffic.flow. 
6.4 Futher Research 
1. Perform a refined analysis in which the structural 
components which reached their defined limit state are 
removed from the model. Repeat this procedure as necessary 
until the structure reaches the theoretical equilibrium. 
2. From (1), study the load paths of the responses to 
obtain a better understanding of the redistribution 
capabilities of the bridge. 
3. Subject the structure to a fixed-fixed support 
condition to evaluate the bridge behavior for the lower 
bound. This will enable an interpolation between this 
lower bound and the upper-bound of the expansion-expansion 
support condition. 
4. Evaluate the responses of the bridge in regions away 
from the cracked girder, such as the quarter span or other 
points. 
5. Modify the arrangement of the of the cross frame 
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SUPPORT LOAD BRIDGE 
CASE CONDITION CONDITIONS CONDITION 
NO. 
F-E E-E LL ONLY LL+DL INTACT DAMAGED 
1 X X X 
2 X X X 
3 X X X 
4 X X X 
5 X X X 
6 X X X 
7 X X X 
8 X X X 
NOTES: 
F-E = FIXED-EXPANSION (PIN-ROLLER) BEARINGS 
E-E = EXPANSION-EXPANSION (ROLLER-ROLLER) BEARINGS 
LL = SIX SINGLE VEHICLE ·LIVE LOADS 

























































STRESS VARIATION DUE TO 
BOTTOM FLANGE DISCONTINUITY 
(KSI) 
FLANGE LOAD CASES 
AREA 1 2 3 4 
15.75 0.69 1.88 1.21 2.17 
22.50 0.66 1.84 1.20 2.11 
22.50 0.86 2.60 1. 79 2.94 
27.00 0.82 2.64 1.88 2.94 
15.75 2.39 3.24 0.52 1.44 
22.50 2.32 3.13 0.49 1.38 
22.50 3.24 4.29 0.64 1.84 
27.00 3.25 4.25 0.61 1.80 
15.75 0.91 1.69 0.75 1.60 
22.50 0.85 1.66 0.78 1.59 
22.50 1.12 2.33 1.19 2.28 
27.00 1.06 2.37 1.31 2.32 
15.75 1. 74 2.87 0.93 1.88 
22.50 1. 71 2.77 0.86 1. 78 
22.50 2.42 3.81 1.12 2.37 
27.00 2.46 3.77 1.05 2.28 
15.75 0.94 1.69 0.71 1.53 
-22.50 0.89 1.65 0.73 1.52 
22.50 1.18 2.31 1.10 2.18 
27.00 1.12 2.35 1.22 2.23 
15.75 1. 68 2.86 0.98 1.95 
22.50 1. 66 2.76 0.92 1. 85 
22.50 2.34 3.80 1.20 2.47 
27.00 2.38 3.76 1.13 2.38 
15.75 0.95 1.69 0.69 1.50 
22.50 0.90 1.65 0.70 1.48 
22.50 1.22 2.30 1.04 2.11 
27.00 1.15 -2.33 1.15 2.17 
15.75 1.66 2.84 1.01 1.98 
22.50 1. 63 2.75 0.95 1. 88 
22.50 2.30 3.80 1.26 2.54 
27.00 2.34 3.76 1.19 2.44 
-66-
5 6 7 
1. 67 2.47 7.97 
1. 60 2.45 7.34 
2.12 3.60 9.08 
2.05 3.75 8.51 
5.21 1. 37 8.99 
5.06 1. 31 8.27 
7.05 1. 71 10.19 
7.08 1. 65 9.53 
2.07 1.57 8.27 
1.96 1. 60 7.62 
2.61 2.38 9.42 
2.50 2.58 8.83 
3.60 2.15 8.67 
3.54 2.01 7.99 
4.98 2.66 9.83 
5.06 2.53 9.20 
2.11 1.51 8.36 
2.00 1.53 7.70 
2.70 2.24 9.53 
2.59 2.43 8.-93 
3.50 2.22 8.65 
3.43 2.09 7.98 
4.82 2.80 9.82 
4.90 2.67 9.20 
2.10 1.53 8.49 
2.02 1.52 7.82 
2.74 2.18 9.68 
2.64 2.35 9.07 
3.46 2.22 8. 71 
3.39 2.12 8.04 
4.75 2.86 9.89 






























































, Table 3 
CASE 2 
STRESS VARIATION DUE TO 
BOTTOM FLANGE DISCONTINUITY 
(KSI) 
LOAD CASES 
1 2 3 4 
8.66 9.85 9.17 10.13 
8.oo 9.18 8.54 9.44 
9.93 11.68 10.87 12.01 
9.33 11.14 10.39 11.45 
11.38 12.23 9.51 10.43 
10.59 11.40 8.76 9.64 
13.43 14.48 10.83 12.03 
12.78 13.78 10.13 11.33 
9.18 9.96 9.02 9.87 
8.48 9.28 8.40 9.21 
10.55 11.76 10.62 11.70 
9.89 11.20 10 .14. 11.15 
10.41 11.54 9.59 10.55 
9'. 70 10.76 8.85 9.76 
12.25 13.64 10.95 12.20 
11.66 12.97 10.25 11.47 
9.30 10.04 9.07 9.89 
8.59 9.35 8.43 9.22 
10.71 11.84 10.63 11.71 
10.04 11.27 10.14 11.16 
i.0.34 11.50 9.64 10.60 
9.64 10.74 8.90 9.82 
12.16 13.63 11.03 12.29 
11.!58 12.96 10.33 11.57 
9.44 10.18 9.18 9.98 
8.72 9.47 8.52 9.30 
10.89 11.97 10.72 11.79 
10.22 11.40 10.22 11.23 
10.37 11.55 9.71 10.69 
9.66 10.78 8.98 9.92 
12.19 13.70 11.16 12.44 


































































































STRESS VARIATION DUE TO 
BOTTOM FLANGE DISCONTINUITY 
(KSI) 
LOAD CASES 
1 2 3 4 
0.64 1.88 1. 27 2.25 
0.61 1.83 1.27 2.20 
0.78 2.60 1.89 3.07 
0.74 2.63 1.98 3.08 
2.46 3.25 0.44 1. 34 
2.39 3.14 0.42 1.28 
3.34 4.30 0.52 1.69 
3.35 4.26 0.49 1. 64 
0.98 1.79 0.76 1. 62 
0.92 1.75 0.79 1. 62 
1.22 2.46 1.21 2.31 
1.15 2.50 1. 33 ·2.36 
2.06 3.34 1.01 2.04 
2.03 3.22 0.94 1.93 
2.86 4.44 1.23 2.58 
2.90 4.39 1.16 2.49 
1. 01 1.78 0.72 1.56 
0.96 1. 74 0.74 1.55 
1.27 2.44 1.12 2.22 
1.21 2.48 1.23 2.27 
2.02 3.34 1.07 2.11 
1.99 3.23 1.00 2.00 
2.80 4·. 45 1.31 2.69. 
2.84 4.41 1.24 2.59 
1. 02 1. 79 0.71 1.53 
0.97 1. 74 0.72 1.52 
1.31 2.43 1.06 2.16 
1.25 2.46 1.17 2.21 
2.01 3.33 1.09 2.14 
1.97 3.23 1.03 2.04 
2.76 4.47 1.37 2.76 
2.80 4.43 1.30 2.66 
-68-
5 6 7 
1. 52 2.65 7.89 
1.45 2.63 7.26 
1. 89 3.88 8.96 
1.81 4.05 8.38 
5.40 1.15 9.08 
5.25 1. 08 8.36 
7.33 1. 37 10.32 
7.37 1. 29 9.66 
2.27 1.58 8.28 
2.16 1. 62 7.63 
2.89 2.41 9.44 
2.77 2.61 8.84 
4.51 2.39 8.65 
4.42 2.25 7.97 
6.21 2.98 9.81 
6.29 2.84 9.19 
2.31 1.55 8.37 
2.20 1.56 7.71 
2.97 2.28 9.54 
2.86 2.48 8.94 
4.45 . 2. 46 8.64 
4.36 2.32 7.97 
6.11 3.11 9.81 
6.19 2.98 9.19 
2.31 1.57 8.49 
2.21 1.56 7.82 
3.01 2.23 9.68 
2.91 2.41 9.07 
4.44 2.45 8.70 
4.34 2.34 8.03 
6.07 3.17 9.89 
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STRESS VARIATION DUE TO 
BOTTOM FLANGE DISCONTINUITY 
(KSI) 
LOAD CASES 
1 2 3 4 
8.53 9. 77 9.16 10.14 
7.86 9.09 8.52 9.45 
9.73 11.55 10.85 12.03 
9.12 11.01 10.36 11.46 
11.54 12.33 9.52 10.41 
10.74 11.49 8.77 9.63 
13.65 14.62 10.84 12.01 
l3 .01 13.92 10.15 11.30 
9.26 10.07 9.04 9.90 
8.55 9.38 8.42 9.24 
10.65 11.89 10.64 11.75 
9.99 11.34 10.17 11.20 
10.72 11.99 9.66 10.69 
10.00 11.20 8.92 9.91 
12.67 14.25 11.04 12.40 
12.09 13.58 10.34 11.67 
. 9. 38 10.15 9.09 9.92 
8.67 9.45 8.45 9.26 
10.81 11.98 10.65 11.76 
10.15 11.41 10.17 11.20 
10.67 11.98 9.71 10.76 
9.96 11.20 8.97 9.97 
12.61 14.26 11.12 12.50 
12.03 13.60 10.43 11.78 
9.52 10.28 9.20 10.02 
8.80 9.56 8.54 9.34 
10.99 12.11 10.74 11.84 
10.3"2 11.53 10.24 11.28 
10.71 12.04 9.79 10.84 
10.00 11.26 9.05 10.07 
12.65 14.36 11.26 12.65 
























































































STRESS VARIATION DUE TO 
BOTTOM FLANGE DISCONTINUITY 
(KSI) 
FLANGE LOAD CASES 
AREA 1 2 3 4 
15.75 1. 34 2.73 1. 33 2.53 
22.50 1.24 2.60 1. 31 2.43 
22.50 1. 52 3.47 1. 92 3.31 
27.00 1. 39 3.39 1. 99 3.26 
15.75 1. 03 1.47 0.26 0.68 
22.50 0.98 1. 38 0.24 0.63 
22.SO 1.30 1. 76 0.27 0.77 
27.00 1.2S l.6S 0.23 0.70 
15.7S 1.36 2.38 0.94 2.01 
22.SO 1.29 2.32 0.96 1.99 
22.50 1. 71 3.21 1.43 2.81 
27.00 1.61 3.20 1.53 2~82 
1S.7S 0.82 1.49 0.5S 1. OS 
22.50 0.77 1.35 0.48 0.92 
22.SO 0.99 1.66 0.54 1. 07 
27.00 0.97 l.S2 0.44 0.92 
15.75 1.31 2.26 0.87 1. 89 
22.SO 1. 26 2.23 0.90 1.89 
22.SO 1. 72 3.1S 1. 34 2.71 
27.00 1. 64 3.16 1.46 2.74 
1S.75 0.93 1.69 0.64 1. 21 
22.50 0.85 l.S1 o.ss 1. OS 
22.50 1.08 1.83· 0.63 1.23 
27.00 1.03 1.6S o.S1 1.04 
15.75 1.22 2.12 0.83 1. 78 
22.50 1.20 2.13 0.8S 1.80 
22.50 1.69 3.0S 1.27 2.61 
27.00 1.64 - 3.10 1.39 2.67 
15.75 1.07 1.90 0.71 1.36 
22.50 0.96 1. 69 0.62 1.19 
22.SO 1.20 2.0S 0.71 1.40 
27.00 1.12 1.82 o.S8 1.18 
-70-
5 6 7 
3.21 2.81 9.75 
2.99 2.75 8.94 
3.68 3.95 10.89 
3.41 4.05 10.09 
1.99 0.66 5.27 
1. 89 0.61 4.59 
2.47 0.71 4.88 
2.35 0.61 4.06 
3.09 2.04 9.91 
2.94 2.0S 9.20 
3.92 2.98 11.53 
3.73 3.15 10.81 
l.S3 1.19 5.34 
1.41 1. 03 4.57 
1. 76 1.18 4.66 
1. 70 0.98 3.81 
I 
2.93 1. 94 9.73 
2.84 1.96 9.10 
3.90 2.86 1.1. 54 
3.76 3.03 10.88 
1.81 1. 3S 5.84 
1.63 1.17 4.97 
1.99 1. 34 5.09 
1.86 1.11 4.14 
2.71 1.86 9.S2 
2.69 1.89 8.97 
3.80 2.76 11.SO 
3.72 2.9S 10.93 
2.14 1.49 6.43 
1.90 1.29 S.47 
2.29 1.SO S.66 
































































STRESS VARIATION DUE TO 
BOTTOM FLANGE DISCONTINUITY 
(KSI) 
LOAD CASES 
1 2 3 4 
11.09 12.48 11.08 12.27 
10.19 11.55 10.26 11.38 
12.41 14.36 12.81 14.20 
11.48 13.47 12.07 13.34 
6.29 6.73 5.53 5.95 
5.57 5.97 4.84 5.23 
6.19 6.65 5.16 5.65 
5.31 5.71 4.29 4.76 
11.28 12.29 10.85 11.92 
10.49 11.52 10.16 11.19 
13.24 14.74 12.96 14.34 
12.41 14.00 12. 34" 13.63 
6.17 6.83 5.90 6.39 
5.34 5.92 5.05 5.49 
5.65 6.32 5.20 5.73 
4.77 5.33 4.25 4 ·• 73 
11.04 11.99 10.60 11.63 
10.36 11.33 10.00 10.99 
13.25 14.68 12.88 14.24 
12.52 14.04 12.34 13.62 
6.77 7.53 6.48 7.05 
5.83 6.48 5.52 6.03 
6.16 6.92 5.71 6.32 
5.17 5.79 4.65 5.18 
10.74 11.64 10.35 11.30 
10.18 11.10 9.83 10.77 
13.19 14.55 12.77 14.11 
12.56 14.03 12.32 13.60 
7.50 8.33 7.14 7.79 
6.43 7.16 6.08 6.65 
6.86 7.71 6.38 7.06 



























































































STRESS VARIATION DUE TO 
BOTTOM FLANGE DISCONTINUITY 
(KSI) 
FLANGE LOAD CASES 
AREA 1 2 3 4 
15.75 1.28 2.67 1. 35 2.55 
22.50 1.17 2.54 1. 34 2.45 
22.50 1. 38 3.35 1.97 3.35 
27.00 1.23 3.25 2.04 3.31 
15.75 1. 03 1.48 0.27 0.69 
22.50 0.98 1. 39 0.24 0.64 
22.50 1.32 1. 79 0.27 o. 77 
27.00 1.27 1. 67 0.23 0.69 
15.75 1.68 2.82 1.02 2.20 
22.50 1.59 2.75 1. 04 2.17 
22.50 2.12 3.80 1.54 3.05 
27.00 2.00 3.76 1. 64 3.05 
15.75 1.02 1. 78 0.62 1.18 
22.50 0.93 1.59 0.53 1. 03 
22.50 1.17 1.92 0.60 1.19 
27.00 1.12 1. 75 0.49 1.03 
15.75 1.58 2.66 0.95 1.53 
22.50 1.54 2.63 0.98 1.52 
22.50 2.11 3.71 1.46 2.18 
27.00 2.02 3.71 1.57 2.23 
15.75 1.19 2.06 0.72 1.38 
22.50 1.07 1.82 0.62 1.19 
22.50 1. 31 2.18· 0.70 1.38 
27.00 1.22 1.94 0.57 1.17 
15.75 1.45 2.46 0.90 1.50 
22.50 1.44 2.48 0.93 1.48 
22.50 2.04 3.57 1.38 2.11 
27.00 2.00 -3.63 1.50 2.17 
15.75 1. 38 2.35 0.81 1.56 
22.50 1.22 2.07 0.70 1. 35 
22.50 1.49 2.47 0.80 1.58 
27.00 1.36 2.17 0.66 1.33 
-72-
5 6 7 
3.05 2.86 9.60 
2.80 2.82 8.78 
3.33 4.08 10.57 
3.00 4.21 9.72 
2.00 0.68 5.27 
1.90 0.62. 4.60 
2.51 0.71 4.91 
2.40 0.61 4.10 
3.92 2.26 10.32 
3.74 2.27 9.60 
5.00 3.27 12.06 
4.77 3.43 11.31 
2.03 1. 38 5.59 
1.84 1.19 4.78 
2.23 1. 36 4.88 
2.10 1.13 4.00 
2.11 1.51 10.07 
2.00 1.53 9.44 
2.70 2.24 12.01 
2.59 2.43 11.35 
2.48 1.58 6.15 
2.19 1.36 5.24 
2.60 1.54 5.37 
2.37 1.28 4.37 
2.10 1.53 9.79 
2.02 1.52 9.25 
2.74 2.18 11.92 
2.64 2.35 11.35 
2.96 1.76 6.79 
2.59 1.52 5. 77 
3.05 1.75 6.00 








































































STRESS VARIATION DUE TO 
BOTTOM FLANGE DISCONTINUITY 
(KSI) 
LOAD CASES 
1 2 3 4 
10.88 12.27 10.95 12.15 
9.95 11.32 10.11 11.23 
11.95 13.92 12.54 13.92 
10.95 12.97 ll. 76 13.02 
6.30 6.75 5.54 5.96 
5.58 5.99 4.84 5.24 
6.23 6.70 5.19 5.68 
5.37 s. 77 4.33 4.79 
12.00 13.14 11.35 12.52 
11.19 12.35 10.64 11.76 
14.18 15.86 13.60 15.11 
13.31 15.07 12.96 14.37 
6.60 7.37 6.21 6. 77 
s. 72 6.37 5.31 5.81 
6.06 6.81 5.48 6.08 
5.12 5.75 4.49 5.03 
11.65 12.73 11.02 12.13 
10.98 12.07 10.42 11.50 
14.12 15.72 13.48 14.96 
13.37 15.06 12.92 14.33 
7.34 8.22 6.88 7.53 
6.30 7.06 5.85 6.43 
6.68 . 7. 55 6.07 6.75 
5.60 6.31 4.94 5.54 
11.24 12.25 10.69 11.71 
10.70 11.73 10.18 11.20 
13.96 15.49 13.30 14.75 
13.34 14.98 12.85 14.25 
8.17 9.15 7.61 8.35 
7.00 7.84 6.47 7.13 
7.49 8.48 6.80 7.58 

















7 .ll 6.24 
6.10 5.13 1 
13.73 12.221 
13.01 11.61 




































































TRANSVERSE R/C SLAB STRESSES 
(KIP/SQ IN) 
LOAD CASE 
2 3 4 
-0.019 -0.013 -0.017 
-0.064 -0.034 0.061 
-0.059 0.123 0.160 
o. 017 0.168 0.112 
0.106 0.137 0.163 
0.077 -0.005 0.080 
-0.009 -0.002 -0.010 
-0.012 -0.011 0.047 
-0.021 0.079 0.084 
-0.005 0.067 0.043 
0.033 0.076 0.073 
0.062 -0.007 0.069 
-0.009 -0.001 -0.008 
-o.oo5 -0.007 0.046 
-0.013 0.071 0.069 
-0.009 0.046 0.033 
0.022 0.069 0.059 
0.061 -0.006 0.068 
-0.009 o.ooo -0.007 
-0.001 -0.004 0.045-
-0.008 0.066 0.057 
-0.012 0.031 0.026 
0.014 0.065 0.049 
0.060 -0.004 0.068 
-74-
5 6 7 
-0.016 -0.031 -0.090 
-0.056 -0.073 -0.054 
-0.135 0.230 -0.012 
-0.180 0.355 -0.012 
-0.130 0.263 -0.054 
0.081 -0.001 -0.090 
-0.014 -0.005 -0.077 
-0.012 -0.019 0.008 
-0.040 0.124 -0.001 
-0.049 0.119 -0.001 
-0.073 0.115 0.008 
0.075 -0.009 -0.077 
-0.015 -0.001 -0.075 
-0.006 -0.011 0.018 
-0.023 0.105 o.ooo 
-0.023 0.073 o.ooo 
-0.067 0.099 0.018 
0.073 -0.007 -0.075 
-0.016 0.001 -0.074 
-0,;002 -0.005 0.024 
-0.013 0.093 0.001 
-0.006 0.040 0.001 
-0.064 0.090 0.024 





















































6 -o. 016 
Table 11 
CASE 2 
TRANSVERSE R/C SLAB STRESSES 
(KIP/SQ IN) 
LOAD CASE 
2 3 4 
-0.109 -0.103 -0.107 
-0.118 -0.088 0.007 
-0.071 0.110 0.147 
0.005 0.156 0.100 
0.052 0.083 0.109 
-0.013 -0.095 -0.010 
-0.087 -0.080 -0.088 
-0.004 -0.003 0.055 
-0.022 0.078 0.084 
-0.006 0.066 0. 042 . 
0.041 0.084 0.081 
-0.015 -0.085 -0.008 
-0.084 -0.076 -0.084 
0.012 0.011 0.063 
-0.013 0.072 0.069 
-0.009 0.046 0.033 
0.040 0.087 0.077 
-0.015 -0.081 -0.007 
-0.083 -0.074 -o.·o8o 
0.022 0.020 0.069 
-0.006 0.068 0.058 
-0.011 0.032 0.028 
0.038 0.089 0.073 
-0.014 -0.078 -0.005 
-75-
5 6 7 
-0.106 -0.121 -0.090 
-0.110 -0.127 -0.054 
-0.147 0.217 -0.012 
-0.192 0.343 -0.012 
-0.184 0.210 -0.054 
-0.009 -0.091 -0.090 
-0.092 -0.083 -0.077 
-0.004 -o. 011 0.008 
-0.041 0.123 -0.001 
-o.o5o 0.118 -0.001 
-0.065 0.123 0.008 
-o. 00·2 -0.086 -0.077 
-0.090 -0.076 -0.075 
0.012 0.007 0.018 
-0.023 0.106 0.000 
-0.023 0.073 o.ooo 
-0.049 0.117 0.018 
-0.002 0.082 -0.075 
-0.089 -0.073 -0.074 
0.022 o.·018 0.024 
-0.011 0.094 0.001 
-0.004 0.041 0.001 
-0.040 0.114 0.024 























































TRANSVERSE R/C SLAB STRESSES 
(KIP/SQ IN) 
LOAD CASE 
2 3 4 
-0.021 -o. on -0.013 
-0.073 -0.018 0.086 
-0.063 0.157 0.205 
0.019 0.207 0.161 
0.115 0.166 0.197 
0.079 0.001 0.086 
-o. 011 -0.002 -0.010 
-0.012 -0.010 0.047 
-0.021 0.080 0.087 
-o.oo5 0.068 0.045 
0.033 0.076 0.074 
0.064 -0.007 0.070 
-0.011 -0.001 -0.009 
-0.006 -0.007 0.046 
-0.013 0.072 0.069 
-0.009 0.046 0.033 
0.022 0.069 0.059 
0.062 -o.oo5 0.069 
-0.011 o.ooo -0.007 
-0.002 -0.004 0.045 
-0.008 0.067 0.057 
-0.012 0.031 0.026 
o. 014 0.066 0.049 
0.061 -0.004 0.069 
-76-
5 6 7 
-0.023 -0.028 -0.095 
-0.103 -0.033 -0.082 
-0.216 0.329 -0.050 
-0.265 0.474 -0.050 
-0.186 0.353 -0.082 
0.072 0.015 -0.095 
-0.018 -0.005 -0.078 
-0.015 -0.017 0.006 
-0.045 0.130 -0.004 
-0.055 0.126 -0.004 
-0.075 0.119 0.006 
0.077 -0.006 -0.078 
-0.019 -0.001 -0.076 
-0.007 -0.010 0.017 
-0.025 0.107 -0.001 
-0.025 0.075 -0.001 
-0.068 0.100 0.017 
0.075 -0.005 -0.076 
-0.019 0.001 -0.074 
-0.002 -o.oo5 . o. 023 
-0.013 0.093 0.001 
-0.006 0.041 0.001 
-0.064 0.090 0.023 























































TRANSVERSE R/C SLAB STRESSES 
(KIP/SQ IN) 
LOAD CASE 
2 3 4 
-0.117 -0.106 -0.109 
-0.155 -0.100 0.004 
-0.113 0.106 0.155 
-0.031 0.157 0.111 
0.033 0.084 0.116 
-0.016 -0.095 -0.009 
-0.089 -0.081 -0.089 
-0.006 -0.004 0.054 
-0.025 0.076 0.082 
-0.009 0.064 0.041 
0.040 0.083 0.081 
-0.015 -0.085 -o.oo8 
-0.086 -o. 077 -0.084 
0.012 0.010 0.063 
-o. 014 0.071 0.068 
-0.010 0.046 0·. 032 
0.039 0.087 0.076 
-0.014 -0.081 -0.007 
-0.085 -0.074 -0.081 
0.022 0.019 0.069 
-0.007 0.003 0.058 
-0.011 0.032 0.027 
0.038 0.089 0.072 
-0.013 -0.078 -0.005 
-77-
5 6 7 
-o .118 -0.123 -0.095 
-0.185 -o .114 -0.082 
-0.266 0.279 -0.050 
-0.315 0.423 -0.050 
-0.267 0.271 -0.082 
-0.023 -0.080 -o. o9.5 
-0.097 -0.083 -0.078 
-0.008 -0.011 0.006 
-0.049 0.126 -0.004 
-0.059 0.121 -0.004 
-0.069 0.125 0.006 
-o. 002 -0.084 -0.078 
-0.094 -0.077 -0.076 
O.Q10 0.007 0.017 
-0.026 0.106 -0.001 
-0.026 0.074 -0.001 
-0.050 0.117 0.017 
-0.001 -0.081 -o. 076 1 
I 
-0.093 -0.073 -0.074 
0.021 . o. 018 - 0·. 023 
-0.012 0.094 0.001 
-0.005 0.041 0.001 
-0.041 0.114 0.023 




































































TRANSVERSE R/C SLAB STRESSES 
(KIP/SQ IN) 
LOAD CASE 
2 3 4 
-0.022 -0.013 -0.018 
-0.015 -0.005 0.051 
-0.143 0.111 0.124 
-0.093 0.152 0.065 
-0.587 0.036 -0.132 
0.737 0 •. 090 0.360 
-0.015 -0.004 -0.013 
-0.016 -0.012 0.044 
-0.042 0.073 o. 072 
-0.022 0.062 0.033 
-0.149 0.026 -0.036 
0.399 0.084 0.272 
-0.016 -0.003 -0.013 
-0.008 -0.008 0.044 
-0.030 0.066 0.058 
-0.022 0.042 0.025 
-0.103 0.032 -0.020 
0.359 0.081 0.256 
-0.019 -0.003 -0.013 
-0.004 -0.005 0.044 
- · · ;..o • ·or-5 .. 
-0.022 0.062 Q.048 
-0.008 -0.023 0.028 0.019 
-0.090 -0.066 0.041 -0.004 
0.221 0.321 0.077 0.239 
-78-
5 6 7 
-0.021' -0.032 -0.097 
-0.097 -0.082 -0.101 
-0.288 0.196 -o •. 190 
-0.38,0 0.311 -0.244 
-1.389 -0.013 -1.510 
1.279 0.259 1.293 
-0.022 -0.009 -0.091 
-0.018 -0.022 '-0.003 
-0.071 0.110 -0.052 
-0.074 0.108 -0.040 
-0.346 -o. 011 -0.431 
-0.57~ 0.222 o. 723 I 
~0.025 -0.007 -0.093 
-0.010 -o. 013 0.010 
:-0.048 0.093 -0.041 
-0.042 0.063 -0.030 
-0.248 0.006 -0.285 
0.500 0.212 0.632 
-0.030 -0.006 -0.098 
-0.005 .-0. 007 0.018 
-0.033 0.082 
-0.0331 
-0.020 0.032 -0.023 
-0.177 0.027 -0.175 I 




































2 -o. 011 
3 -0.083 

















TRANSVERSE R/C SLAB STRESSES 
(KIP/SQ IN) 
LOAD CASE 
2 3 4 
-o .118 -o .110 -0.115 
-0.188 -0.139 -0.050 
-0.334 -0.080 -0.066 
-0.338 -0.092 -0.179 
-1.885 -1.474 -1.642 
2.031 1.383 1.653 
-0.106 -0.095 -0.104 
-0.019 -0.015 0.041 
-0.094 0.021 0.020 
-0.062 0.022 -0.007 
-0.580 -0.405 -0.468 
1.122 0.807 0.995 
-0.109 -0.096 -0.106 
0.002 0.003 0.054 
-0.071 0.026 0.017 
-0.052 0.012 -0.()06 
-0.388 -0.253 -0.305 
0.991 0.713 0.888 
-0.117 -0.101 -0.111 
0.014 0.013 0.062 
-o.o55 0.022 o. 014 
-0.046 0.004 -0.004 
-0.241 -0.134 -0.178 
0.869 0.625 0.786 
-79-
5 6 7 
-0.118 -0.128 -0.097 
-0.199 -0.183 -0.101 
-0.479 0.006 -0.190 
-0.625 0.067 -0.244 
-2.899 -1.524 -1.510 
2.573 1.552 1. 293 
--
-o .113 -0.100 -0.091 
-0.021 -0.025 -0.003 
-0.123 0.057 -0.052 
-0.114 0.067 -0.040 
-o. 777 -0.442 -0.431 
1.299 0.945 o. 723 
-0.118 -0.099 -0.093 
0.000 -0.002 0.010 
-0.088 0.105 -0.041 
-o. 073 0.033 -0.030 
-0.533 -0.279 -0.285 
1.132 0.844 0.632 
-0.127 -0.104 -0.098 
-
0.012 0.010 . 0. 018 
-0.066 0.049 -0.033 
-0.044 0.012 -0.023 
-0.352 -0.147 -0.175 






























3 -o. 211 
4 -0.258 
5 -o. 729 
6 0.630 




















TRANSVERSE R/C SLAB STRESSES 
(KIP/SQ IN) 
LOAD CASE 
2 3 4 
-0.030 -0.012 -0.016 
-0.134 -0.024 0.064 
-0.221 0.141 0.147 
-0.171 0.188 0.091 
-0.685 0.086 -0.096 
0.788 0.071 0.345 
-0.020 -0.005 -0.015 
-0.019 -0.012 0.043 
-0.052 0.073 0.070 
-0.028 0.063 0.032 
-0.223 0.012 -0.067 
0.536 0.112 0.331 
-0.022 -0.004 -0.015 
-0.010 -0.008 0.043 
-0.037 0.065 0.055 
-0.027 0.042 0.023 
-0.154 0.022 -0.042 
0.480 0.107 0.309 
-0.025 -0.004 -0.016 
-0.005 --0.005 --0.044 
-0.028 0.061 0.045 
-0.026 0.027 0.011 
-0.099 0.034 -0.018 
0.424 0.099 0.284 
-80-
5 6 7 
-0.039 -0.030 -o .113 
-0.220 -0.049 -0.213 
-0.519 0.287 -0.389 
-0.629 0.423 -0.459 
-1.721 0.142 -1.801 
1.429 0.201 1.422 
-0.033 -o. 011 -0.097 
-0.026 -0.022 -0.008 
-0.093 0.111 -0.064 
-0.091 0.111 -0.049 
-0.482 -0.047 -0.498 
0.823 0.299 0.844 
-0.036 -0.009 -0.098 
-0.013 -0.013 0.009 
-0.062 0.091 -0.047 
-0.052 0.063 -0.035 
-0.340 -0.021 -0.328 
0.717 0.281 0.733 
-0.041 -0.010 -0.103 
- -o. oo1 ---0--.008 --- 0.017 -
-0.043 0.079 -0.038 
-0.027 0.031 -0.026 
-0.237 0.009 -0.201 























































TRANSVERSE R/C SLAB STRESSES 
(KIP/SQ IN) 
LOAD CASE 
2 3 4 
-0.143 -0.125 -0.130 
-0.347 -0.237 -0.149 
-0.610 -0.248 -0.242 
-0.629 -0.271 -0.368 
-2.485 -1.714 -1.897 
2.210 1.492 1. 767 
-0.117 -0.101 -0.112 
-0.027 -0.020 0.036 
-o .116 0.009 0.006 
-0.078 0.013 -0.017 
-0.721 -0.486 -0.565 
1.380 0.956 1.174 
-0.120 -0.102 -0.113 
-0.001 0.001 0.052 
-0.084 0.018 0.008 
-0.062 0.007 -0.012 
-0.482 -0.306 -0.370 
1.212 0.840 1.042 
-0.129 -0.107 -0.119 
0.012 0.012 0.060 
-0.066 0.023 0.007 
-0.053 0.001 -0.009 
-0.300 -0.167 -0.219 
1.054 0.729 0.913 
-81-
5 6 7 
-0.152 -0.143 -0.113 
-0.433 -0.261 -0.213 
-0.908 -0.102 -0.389 
-1.088 -0.035 -0.459 
-3.521 -1.659 -1.801 
2.851 1.622 1.422 
-0.130 -0.108 -0.097 
-0.034 -0.029 -0.008 
-0.157 0.047 -0.064 
-0.140 0.061 -0.049 
. -0.980 
-0.545 -0.050 
1.667 1.142 0.844 
-0.134 -0.107 -0.098 
-0.005 -0.004 0.009 
-0.109 o. 044 -0.047 
-0.087 0.028 -0.035 
-0.669 -0.350 -0.328 
1.450 1.014 0.733 
-0.144 -0.113 -0.103 
0.009 0.009 0.017 
-0.081 0.041 -0.038 
-0.054 0.004 -0.026 
-0.438 -0.192 -0.201 














































MIDSPAN LATERAL WEB DISTORTION 
(in.) 
LOCATION LOAD 
ON GIRDER 1 2 3 
-T 0.040 0.050 0.005 
B -0.023 -0.077 -0.051 
REL 0.063 0.127 0.056 
T 0.040 0.050 0.005 
B -0.051 -0.083 -o.oo5 
REL 0.091 0.133 0.010 
T 0.040 0.051 0.006 
B -0.077 -0.047 0.046 
REL 0.117 0.098 0.040 
T 0.041 0.052 0.006 
B -o. 073 -0.023 0.051 
REL 0.114 0.075 0.045 
T -0.025 -0.035 -0.006 
B -0.100 -0.148 -0.030 
REL 0.075 0.113 0.024 
T -0.024 -0.034 -0.006 
B -0.108 -0.148 -0.019 
REL 0.084 0.114 0.013 
T -0.024 -0.034 -o.oo5 
B -0.114 -0.143 -0.009 
REL 0.090 0.109 0.004 
T -0.023 -0.033 -0.005 
B -0.115 -0.140 -0.005 
REL 0.092 0.107 0.000 
T -0.025 -0.035 -0.006 
B -0.100 -0.145 -0.027 
REL 0.075 0.110 0.021 
T -0.025 -0.034 -0.006 
B -0.105 -0.145 -0.021 
REL 0.080 0.111 0.015 
T -0.024 -0.034 -0.005 
B -0.109 -0.142 -0.014 
REL 0.085 0.108 0.009 
-
T -0.023 -0.033 -0.005 
B -0.110 -0.140 -0.012 
REL 0.087 0.107 0.007 
T -0.025 -0.035 -0.006 












































-o. 011 -0.064 
-o.o5o 
-0.246 
REL 0.075 0.109 0.020. 0.039 0.182 
T -0.024 -0.034 -0.006 -0.011 -0.062 
B -0.103 -0.144 -o. 021 -0.044 -0.252 
REL 0.079 0.110 0.015 0.033 0.190 
T -0.024 -0.034 -0.006 -0.011 -0.061 
B -0.105 -0.142 -0.017 -0.040 -0.257 
REL 0.081 0.108 0.011 0.029 0.196 
T -0.023 -0.033 -0.005 -0.010 
-0.059 
B -0.106 -0.141 -0.016 -0.038 
-0.258 




-o. oo1 1 






























































































MIDSPAN LATERAL WEB DISTORTION 
(in.) 
LOCATION LOAD 
ON GIRDER 1 2 3 
-
T 0.038 0.048 0.004 
B . -0.019 -0.073 -0.047 
REL 0.057 0.121 0.051 
T 0.041 0.051 0.006 
B -0.055 -0.087 -0.008 
REL 0.096 0.138 0.014 
T 0.044 0.055 0.010 
B -0.101 -0.071 0.022 
REL 0.145 0.126 0.012 
T 0.047 0.058 0.012 
B -0.142 -0.092 -0.018 
REL 0.189 0.150 0.030 
T -0.026 -0.036 -0.007 
B -0.098 -o .145 -0.027 
REL 0.072 0.109 0.020 
T -0.023 -0.033 -0.004 
B -0.110 -0.150 -0.021 
REL 0.087 0.117 0.017 
T -0.020 -0.030 -0.001 
B -0.121 -0.151 -0.016 
REL 0.101 0.121 0.015 
T -0.017 -0.026 0.002 
B -0.125 -0.150 -0.015 
REL 0.108 0.124 0.017 
T -0.026 -0.036 -0.007 
B -0.099 -0.144 -0.026 
REL 0.073 0.108 0.019 
T -0.023 -0.033 -0.004 
B -0.106 -0.146 -0.022 
REL 0.083 0.113 0.018 
T -0.020 -0.030 -0.001 
B -0.113 -0.146 -0.018 
REL 0.093 0.116 0.017 
-
T -0.016 -0.026 0.002 
B -0.115 -0.145 -0.017 
REL 0.099 0.119 0.019 
T -0.026 -0.036 -0.007 
B -0.100 -0.143 -0.025 
REL 0.074 0.107 0.018 











































B -0.104 -0.145 -0.022 ' -0.045 
REL 0.081 0.112 0.018 0.035 
T -0.020 -0.030 -0.001 -0.007 
B -0.107 -0.144 -0.019 -0.042 
REL 0.087 0.114 0.018 0.035 
T -0.016 -0.026 0.002 -0.003 
B -0.108 -0.143 -0.018 -0.040 
REL 0.092 0.117 0.020 0.037 
-83-
5 6 7 
0.103 0.012 -0.001 
-0.057 -0.122 0.004 
0.160 0.134 0.005 
0.106 0.016 0.001 
-0.133 -0.016 -0.004 
0.239 0.032 0.005 
0.110 0.019 0.004 
-0.215 0.086 -0.024 
0.325 0.067 0.028 
0.114 0.023 0.006 
-0.249 0.052 -0.069 
0.363 0.029 0.075 
-0.065 -0.016 -0.001 
-0.245 -0.070 0.002 
0.180 0.054 0.003 
-0.061 -0.013 0.001 
-0.267 -o.o5o -0.002 
0.206 0.037 0.003 
-0.057 -0.010 0.004 
-0.286 -o. o32 -0.008 
0.229 0.022 0.012 
-0.053 -0.006 0.007 
-0.292 -0.026 -0.010 
0.239 0.020 0.017 
-0.065 -0.015 -0.001 
-0.245 -0.065 0.001 
0.180 0.050 0.002 
-0.061 -0.013 0.001 
-0.258 -0.052 -0.001 
0.197 0.039 0.002 
-0.057 -0.010 0.004 
-0.269 -0.041 -0.004. 
0.212 0.031 0.008 
-0.053 -0.006 0.007 
-0.272 -0.037 -0.005 
0.219 0.031 0.012 
-0.065 -0.016 -0.001 
-0.246 -0.062 0.001 
0.181 0.046 0.002 
-0.061 -0.013 0.001 
-0.253 -0.054 -0.001 
0.192 0.041 0.002 
-0.057 -0.010 0.004 
-0.259 -0.047 -0.002 
0.202 0.037 0.006 
-0.052 -0.006 0.007 
-0.260 -0.045 -0.002 














































MIDSPAN LATERAL WEB DISTORTION 
(in.)· 
LOCATION LOAD 
ON GIRDER 1 2 3 
T 0.040 0.048 0.004 
B -0.016 -0.080 -0.063 
REL 0.056 0.128 0.067 
T 0.040 0.050 0.004 
B -0.058 -0.087 0.002 
REL 0.098 0.137 0.002 
T 0.041 0.050 0.005 
B -0.094 -0.046 0.069 
REL 0.135 0.096 0.064 
T 0.041 0.052 0.005 
B -0.093 -0.020 0.079 
REL 0.134 0.072 0.074 
T -0.026 -0.036 -0.006 
B -0.138 -0.202 -0.039 
REL 0.112 0.166 0.033 
T -0.026 -0.036 -0.006 
B -0.147 -0.202 -0.028 
REL 0.121 0.166 0.022 
T -0.025 -0.035 -0.006 
B -0.153 -0.198 -0.017 
REL 0.128 0.163 0.011 
T -0.024 -0.034 -0.005 
B -0.155 -0.195 -0.013 
REL 0.131 0.161 0.008 
T -0.026 -0.036 -0.006 
B -0.140 -0.202 -0.037 
REL 0.114 0.166 0.031 
T -0.026 -0.036 -0.006 
B -0.145 -0.202 -0.030 
REL 0.119 0.166 0.024 
T -0.025 -0.035 -0.006 
B -0.149 -0.199 -0.023 
REL 0.124 0.164 0.017 
-
T -0.024 -0.034 -o.oo5 
B -0.150 -0.197 -0.021 
IU:L 0.126 0.163 0.016 
T -0.026 -0.037 -0.006 
B -0.141 -0.202 -0.035 
REL 0.115 0.165 0.029 
T -0.026 -0.036 -0.006 
B -0.144 -0.202 -0.031 
REL 0.118 0.166 0.025 
T -0.025 -0.035 -0.006 
B -0.146 -0.200 -0.027 
REL 0.121 0.165 0.021 
T -0.024 -0.034 -0.005 
B -0.147 -0.198 -0.026 
REL 0.123 0.164 0.021 
-84-
CASES 
4 5 6 7 
0.014 0.105 0.010 -0.001 
-0.065 -0.040 -0.162 0.013 
0.079 0.145 0.172 0.014 
0.015 0.106 0.011 0.001 
0.003 -0.148 0.004 -0.013 
0.012 0.254 0.007 0.014 
0.016 0.107 0.012 0.004 
0.069 -0.241 0.177 -0.048 
0.053 0.348 0.165 0.052 
0.016 0.108 0.013 0.006 
0.104 -0.240 0.204 -0.099 
0.088 0.348 0.191 0.105 
-0.012 -0.067 -0.015 -0.001 
-0.073 -0.355 -0.099 0.003 
0.061 0.288 0.084 0.004 
-0.012 -0~065 -0.015 0.001 
-0.059 -0.374 -0.072 -0.003 
0.047 0.309 0.057 0.004 
-0.011 -0.064 -0.015 0.004 
-0.046 -0.390 -0.047 -0.009 
0.035 0.326 0.032 0.013 
-0.010 -0.062 -o. 014 0.007 
-0.041 -0.394 -0.038 -0.012 
0.031 0.332 0.024 0.019 
-0.012 -0.067 -0.015 -0.001 
-0.070 -0.359 -0.093 0.002 
0.058 0.292 0.078 0.003 
-0.012 
-0.065 -0.015 0.001 
-0.062 
-0.371 -0.077 -0.002 
0.050 0.306 0.062 0.003 
-o. 011 
-0.064 -0.015 0.004 
-0.054 
-0.379 -0.062 -o.oo5 
0.043 0.315 0.047 0.009 
-0.010 
-0.062 -0.014 0.007 
-o.o5o 
-0.381 -0.057 -0.006 
0.040 0.319 0.043 0.013 
-0.012 -0.067 -0.015 -0.001 
-0.068 -0.362 -0.089 0.001 
0.056 0.295 0.074 0.002 
-o. 012 -0.066 -0.015 0.001 
-0.063 -0.368 -0.080 -0.001 
0.051 0.302 0.065 0.002 
-0.011 -0.064 -0.015 0.004 
-0.058 -0.373 -0.072 -0.002 
0.047 O::to9 0.057 0.006 
-0.011 
-0.062 -0.014 0.007 
-0.056 
-0.374 -0.069 -0.002 














































MIDSPAN LATERAL WEB DISTORTION 
(in.) 
LOCATION LOAD 
ON GIRDER 1 2 3 
T 0.039 0.047 0.003 
B -0.003 -0.068 -0.050 
REL 0.042 0.115 0.053 
T 0.041 0.050 0.006 
B -0.070 -0.100 -o. 011 
REL 0.111 0.150 0.017 
T 0.044 0.054 0.009 
B -0.142 -0.095 0.021 
REL 0.186 0.149 0.012 
T 0.048 0.057 0.012 
B -0.192 -0.119 -0.020 
REL 0.240 0.176 0.032 
T -0.027 -0.038 -0.007 
B -0.135 -0.199 -0.036 
REL 0.108 0.161 0.029 
T -0.024 -0.035 -0.004 
B -0.150 -0.205 -0.031 
REL 0.126 0.170 0.027 
T -0.021 -0.031 -0.002 
B -0.162 -0.207 -0.026 
REL 0.141 0.176 0.024 
T -o. olS -0.028 0.001 
B -0.166 -0.206 -0.025 
REL 0.148 0.178 0.026 
T -0.027 -0.038 -0.007 
B -0.139 -0.200 -0.035 
REL 0.112 0.162 0.028 
T -0.024 -0.035 -0.004 
B -0.147 -0.204 -0.031 
REL 0.123 0.169 0.027 
T -0.021 -0.031 -0.002 
B -0.154 -0.204 -0.028 
REL 0.133 0.173 0.026 
-
T -0.018 -0.027 0.001 
B -0.1!56 -0.203 -0.027 
REL 0.138 0.176 0.028 
T -0.028 -0.038 -0.007 
B -0.141 -0.201 -0.034 
REL 0.113 0.163 0.027 
T -0.024 -0.035 -0.004 
B -0.145 -0.202 -0.032 
REL 0.121 0.167 0.028 
T -0.021 -0.031 -0.002 
B -0.148 -0.202 -0.029 
REL 0.127 0.171 0.027 
T -0.017 -0.027 0.001 
B -0.149 -0.201 -0.028 
REL 0.132 0.174 0.029 
-85-
CASES 
4 5 6 7 
---0.013 0.104 0.009 -0.001 
-0.052 -0.027 -0.149 0.013 
0.065 0.131 0.158 0.014 
0.016 0.107 0.012 0.001 
-0.009 
-0.160 -0.008 -0.013 
0.025 0.267 0.020 0.014 
0.019 0.111 0.016 0.004 
0.021 
-0.289 0.129 -0.048 
0.002 0.400 0.113 0.052 
0.023 0.115 0.020 0.006 
0.005 
-0.338 0.106 -0.099 
0.018 0.453 0.086 0.105 
-0.013 
-0.068 -0.016 -0.001 
-0.070 
-0.352 -0.096 0.003 
0.057 0.284 0.080 0.004 
-0.010 
-;..0.064 -0.014 0.001 
-0.062 
-0.378 -0.075 -0.003 
0.052 0.314 0.061 0.004 
-0.007 
-0.060 -0.010 0.004 
-0.055 
-0.398 -0.056 -0.009 
0.048 0.338 0.046 0.013 
-0.004 
-0.056 -0.007 0.007 
-0.052 
-0.405 -0.050 -0.012 
0.048 0.349 0.043 0.019 
-0.013 
-0.068 -0.016 -o. 001 
-0.069 
-0.358 -0.091 0.002 
0.056 0.290 0.075 0.003 
-0.010 
-0.064 -0.014 0.001 
-0.063 
-0.372 -0.078 -0.002 
0.053 0.308 0.064 0.003 
-0.007 
-0.060 -0.011 0.004 
-0.058 
-0.384 -0.067 -0.005 
0.051 0.324 0.056 0.009 
-0.004 
-0.056 -0.007 0.007 
-0.0!56 
-0.387 -0.063 -0.006 0.052 u.J:u 0.056 U.UJ.3 
-0.013 -0.068 -0.016 -0.001 
-0.068 -0.361 -0.088 0.001 
0.055 0.293 0.072 0.002 
-0.010 -0.064 -0.014 0.001 
-0.064 -0.369 -0.081 -0.001 
0.054 0.305 0.067 0.002 
-0.007 -0.060 -0.011 0.004 
-0.061 -0.375 -0.074 -0.002 
0.054 0.31!5 0.063 0.006 
-0.004 -0.056 -0.007 0.007 
-0.059 -0.376 -0.071 -0.002 
















































































































































































































































































































































































































































































































MIDSPAN LATERAL WEB DISTORTION 
(in.) 
LOCATION LOAD 
ON GIRDER 1 2 3 
T 0.192 0.220 0.132 
B -0.041 -0.093 -0.059 
REL 0.233 0.313 0.191 
T 0.195 0.223 0.135 
B -0.237 -0.280 -o .145 
REL 0.432 0.503 0.280 
T 0.199 0.227 0.139 
B -0.600 -0.606 -0.362 
REL 0.799 0.833 0.501 
T 0.202 0.231 0.142 
B -1.666 -1.687 -1.104 
REL 1. 868 1. 918 1. 246 
T -0.021 -0.031 -0.002 
B -0.277 -0.345 -0.184 
REL 0.256 0.314 0.182 
T -0.016 -0.026 0.002 
B -0.353 -0.419 -0.233 
REL 0.337 0.393 0.235 
T -0.010 -0.018 0.008 
B -0.452 -0.518 -0.304 
REL 0.442 0.500 0.312 
T -o.oo5 -0.013 0.012 
B -0.507 -0.574 -0.347 
REL 0.502 0.561 0,359 
T -0.022 -0.032 -0.003 
B -0.266 -0.330 -0.174 
REL 0.244 0.298 0.171 
T -0.017 -0.026 0.001 
B -0.317 -0.382 -0.208 
REL 0.300 0.356 0.209 
T -0.009 -0.017 0.008 
B -0.384 -0.449 -0.258 
REL 0.375 0.432 0.266 
-
T -0.004 -0.012 0.013 
B -0.420 -0.487 -0.287 
REL 0.416 0.475 0.300 
T -0.023 -0.033 -0.004 
B -0.256 -0.319 -0.166 
REL 0.233 0.286 0.1.62 
T -0.018 -0.027 0.001 
B -0.291 -0.354 -0.190 
REL 0.273 0.327 0.191 
T -o.oo8 -0.016 0.009 
B -0.335 -0.399 -0.223 
REL 0.327 0.383 0.232 
T -0.003 -0.011 0.014 
B -0.358 -0.423 -0.242 
REL 0.355 0.412 0.256 
-87-
-CASES 
4 5 6 7 
0.159 0.308 0.161 0.115 
-0.059 -0.091 -0.130 -0.010 
o. 218 o. 399 0.291 0.125 
0.163 0.311 0.165 0.117 
-0.162 -0.385 -0.164 -0.134 
0.325 0.696 0.329 0.251 
0.167 0.316 0.169 0.120 
-0.414 -0.899 -0.337 -0.387 
0.581 1.215 0.506 0.507 
0.171 0.320 0.173 0.123 
-1.205 -2.409 -1.110 -1.130 
1.376 2.729 1. 283 1. 253 
-o.oo8 -0.058 -0.010 0.003 
-0.228 -0.473 -0.251 -0.138 
0.220 0.415 0.241 0.141 
-0.003 -0.053 -0.006 0.006 
-0.282 -0.575 -0.295 -0.192 
0.279 0.522 0.289 0.198 
0.004 -0.044 0.001 0.012 
-0.361 -0.706 -0.365 -0.266 
0.365 0.662 0.366 0.278 
0.008 -0.038 0.006 0.016 
-0.408 
-0.777 -0.411 -0.308 
0.416 0.739 0.417 0.324 
-0.009 
-0.060 -0.011 0.002 
-0.216 
-0.455 -0.237 -0.130 
0.207 0.395 0.226 0.132 
-0.004 
-0.053 -0.007 0.006 
-0.254 
-0.524 -0.270 -0.168 
0.250 0.471 0.263 0.174 
0.004 
-0.043 0.001 0.013 
-0.310 
-0.611 -0.321 -0.218 
o. 314 0.568 0.322 0.231 
0.009 
-0.037 0.007 0.017 
-0.342 
-0.658 -0.353 -0.246 
0.351 0.121 0.360 0.263 
-0.010 -0.061 -0.012 0.001 
-0.207 
-0.442 -0.226 -0.124 
0.197 0.381 0.214 0.125_ 
-0.004 
-0.0!54 -0.007 0.006 
-0.234 
-0.488 -0.250 -0.149 
0.230 0.434 0.243 0.155 
0.005 
-0.042 0.002 0.013 
-0.271 
-0.!544 -0.285 -0.182 
0.276 0.502 0.287 0.195 
0.010 
-0.035 o.oo8 0.018 
-0.292 
-0.574 -0.306 -0.200 











































' 4 ! 
I DOUBLE 










MIDSPAN LATERAL WEB DISTORTION 
(in.) 
LOCATION LOAD 
ON GIRDER 1 2 3 
T 0.080 0.106 0.016 
B -o. 013 -0.071 -0.057 
REL 0.093 0.177 0.073 
T 0.080 0.107 0.017 
B -0.130 -0.171 -0.002 
REL o. 210 0.278 0.019 
T 0.081 0.108 0.017 
B -0.284 -o. 277 0.051 
REL 0.365 0.385 0.034 
T 0.082 0.109 0.018 
B -0.611 -0.584 0.089 
REL 0.693 0.693 0.071 
T -0.025 -0.035 -0.006 
B -0.224 -0.329 -0.071 
REL 0.199 0.294 0.065 
T -0.024 -0.034 -0.005 
B -0.252 -0.358 -0.067 
REL 0.228 0.324 0.062 
T -0.023 -0.032 -0.005 
B -0.285 -0.394 -0.066 
REL 0.262 0.362 0.061 
T -0.022 -0.030 -0.004 
B -0.302 -o. 415 -0.068 
REL 0.280 0.385 0.064 
T -0.026 -0.036 -0.006 
B -0.218 -0.321 -0.069 
REL 0.192 0.285 0.063 
T -0.025 -0.034 -0.005 
B -0.236 -0.342 -0.067 
REL 0.211 0.308 0.062 
T -0.022 -o. o32 -0.005 
B -0.258 -0.366 -0.068 
REL 0.236 0.334 0.063 
-
T -0.021 -0.030 -0.004 
B -0.270 -0.380 -0.070 
REL 0.249 0.350 0.066 
T -0.026 -0.036 -0.006 
B -0.213 -0.313 -0.067 
REL 0.187 0.277 0.061 
T -0.025 -0.035 -o.oo5 
B -0.224 -0.327 -0.066 
REL 0.199 0.292 0.061 
T -0.022 -0.031 -o.oo5 
B -0.238 -0.343 -0.068 
REL 0.216 0.312 0.063 
T -0.021 -0.029 -0.004 
B -0.245 -0.352 -0.069 
REL 0.224 0.323 0.065 
-88-
CASES 
4 5 6 7 
0.044 0.199 0.042 0.119 
-0.055 -0.035 -0.146 0.029 
0.099 0.234 0.188 0.090 
0.045 0.200 0.043 0.122 
-0.021 -0.322 -0.006 -0.196 
0.066 0.522 0.049 o. 318 
0.046 0.202 0.044 0.125 
-0.008 -0.696 0.129 -0.546 
0.054 0.898 0.085 0.671 
0.047 0.203 0.046 0.128 
-0.006 -1.476 0.211 -1.345 
0.053 l. 679 0.165 l. 473 
-0.012 
-0.065 -0.014 0.001 
-0.143 
-0.557 -0.181 -0.247 
0.131 0.492 0.167 0.248 
-0.011 
-0.062 -0.014 0.005 
-0.145 
-0.622 -0.173 -0.310 
0.134 0.560 0.159 0.315 
-0.009 
-0.058 -0.012 0.011 
-0.155 
-0.701 -0.174 -0.395 
0.146 0.643 0.162 0.406 
-0.008 
-0.056 -o. 011 0.015 
-0.162 
-0.742 -0.181 -0.443 
0.154 0.686 0.170 0.458 
-0.012 
-0.066 -o. o14 0.000 
-0.139 
-0.544 -0.175 -0.232 
0.127 0.478 0.161 0.232 
-0.011 
-0.063 -o. 014 0.004 
-0.142 
-0.586 -0.173 -0.274 
0.131 0.523 0.159 0.278 
-0.009 
-0.058 -0.012 0.012 
-0.150 
-0.638 -0.178 -0.331 
0.141 0.580 0.166 0.343 
-0.008 
-0.055 -0.011 0.016 
-0.156 
-o. 664 -0.184 -0.363 
0.148 0.609 0.173 0.379 
-0.012 -0.066 -0.015 -0.001 
-0.134 -0.531 -0.169 -0.217 
0.122 0.465 0.154 0.216 
-
-o. 011 -0.063 -o. 014 0.004 
-0.137 -0.558 -0.170 -0.246 
0.126 0.495 0.156 0.250 
-0.009 -0.058 -0.012 0.012 
-0.144 -0.591 -0.174 -0.283 
0.135 0.533 0.162 0.295 
-0.008 -0.055 -0.010 0.017 
-0.148 -0.607 -0.179 -0.303! 














































MIDSPAN LATERAL WEB DISTORTION 
(in.) 
LOCATION LOAD 
ON GIRDER 1 2 3 
T 0.199 0.225 0.135 
B 0.016 -0.042 -0.028 
REL 0.183 0.267 0.163 
T 0.202 0.229 0.139 
B -0.326 -0.367 -0.198 
REL 0.528 0.596 0.337 
T 0.206 0.233 0.142 
B -0.830 -0.823 -0.495 
REL 1.036 1.056 0.637 
T 0.210 0.237 0.146 
B -1.956 -1.929 -1.256 
REL 2.166 2.166 1.402 
T -0.024 -0.035 -0.005 
B -0.471 -0.576 -0.318 
REL 0.447 0.541 0.313 
T -0.019 -0.029 o.ooo 
B -0.561 -0.668 -0.377 
REL 0.542 0.639 0.377 
T -0.012 -0.020 0.006 
B -0.680 -0.789 -0.461 
REL 0.668 0.769 0.467 
T -0.007 -0.015 0.011 
B -0.745 -0.858 -0.511 
REL 0.738 0.843 0.522 
T -0.026 -0.036 -0.006 
B -0.450 -0.553 -0.301 
REL 0.424 0.517 0.295 
T -0.020 -0.030 -0.001 
B -0.510 -0.616 -0.341 
REL 0.490 0.586 0.340 
T -0.011 -0.020 0;007 
B -0.589 -0.697 -0.399 
REL 0.578 0.677 0.406 
-
T -0.005 -0.014 0.012 
B -0.632 -o. 743 -0.433 
RBL 0.627 0.729 0.445 
T -0.027 -0.037 -0.007 
B -0.430 -0.530 -0.248 
REL 0.403 0.493 0.241 
T -0.020 -0.030 -0.001 
B -0.470 -0.573 -0.312 
REL 0.450 0.543 0.311 
T -0.010 -0.019 0.008 
B -0.522 -0.627 -0.351 
REL 0.512 0.608 0.359 
T -0.004 -0.012 0.013 
B -0.548 -0.655 -0.372 
REL 0.544 0.643 0.385 
-89-
CASES 
4 5 6 7 
0.164 0.318 0.162 0.119 
-0.026 -0.006 -0.117 0.029 
0.190 0.324 0.279 0.090 
0.167 0.322 0.165 0.122 
-0.216 
-0.517 -0.201 -0.196 
0.383 0.839 0. 366 0.318 
0.172 0.327 0.170 0.125 
-0.554 -1.242 -0.417 -0.546 
0.726 1.569 0.587 0.671 
0.175 0.332 0.174 0.128 
-1.351 -2.821 -1.134 -1.345 
1. 526 3.153 1. 308 1. 473 
-o. 011 -0.064 -0.014 0.001 
-0.390 -0.804 -0.428 -0.247 
0.379 0.740 0.414 0.248 
-0.006 -0.058 -0.009 0.005 
-0.455 -0.932 -0.483 -0.310 
0.449 0.874 0.474 0.315 
0.002 -0.047 -0.001 0.011 
-o.55o -1.096 -0.569 -0.395 
0.552 1.049 0.568 0.406 
0.007 -0.041 0.004 0.015 
-0.605 
-1.185 -0.623 -0.443 
0.612 1.144 0.627 0.458 
-0.012 
-0.066 -0.014 o.ooo 
-o. 371 
-0.775 -0.407 -0.232 
0.359 0.709 0.393 0.232 
-0.006 
-0.058 -0.009 0.004 
-0.416 
-0.860 -0.447 -0.274 
0.410 0.802 0.438 0.278 
0.003 
-0.046 -0.001 0.012 
-0.481 
-0.969 -0.509 -0.331 
0.484 0.923 0.508 0.343 
o.oo8 
-0.039 o.oos 0.016 
-0.518 
-1.027 -0.546 -0.363 
0.526 0.988 0.551 0.379 
-o. o13 -0.067 -0.016 -0.001 
-0.352 
-0.748 -0.386 -0.217 
0.339 0.681 0.370 0.216 
' 
-0.007 
-0.059 -0.010 0.004 
-0.383 
-0.804 -0.416 -0.246 
0.376 0.745 0.406 0.250 
0.004 
-0.045 0.001 0.012 
-0.427 
-0.874 -0.458 -0.283 
0.431 0.829 0.459 0.295 
0.009 
-0.038 0.007 0.017 
-0.451 
-0.910 -0.482 -0.303 








































MIDSPAN WEB ROOT STRESS DUE TO 
LATERAL DISTORTION-BOTTOM FLANGE CONNECTION 
STRESS IN PSI 
I INTERIOR GIRDER-N0.3 EXTERIOR GIRDER-N0.6 
2 HS20-44 1 PADOT 2 HS20-44 1 PADOT 
VEHICLES VEHICLE VEHICLES VEHICLE 
4.083 10.889 -0.273 20.689 
4.898 8.981 20.962 43.008 
6.259 7.351 21.504 39.471 
6.805 7.078 23.684 38.925 
o.ooo 10.342 13.611 34.573 
5.717 7.078 30.490 53.632 
5.171 8.981 28.582 46.549 
5.717 6.805 29.397 46.549 
5.990 20.689 1.361 30.758 
8.713 13.065 29.397 59.349 
8.166 11.162 29.943 55.552 
5.990 8.981 29.397 54.997 
2.995 17.694 21.231 52.523 
10.342 14.699 33.754 63.701 
9.801 10.889 38.925 59.051 









































MIDSPAN WEB ROOT STRESS DUE TO 
LATERAL DISTORTION-TOP FLANGE CONNECTION 
STRESS IN PSI 
INTERIOR GIRDER-N0.3 EXTERIOR GIRDER-N0.6 
2 HS20-44 1 PADOT 2 HS20-44 1 PADOT 
VEHICLES VEHICLE VEHICLES VEHICLE 
-66.688 -152.448 -29.670 -205.781 
-21.231 -77.056 41.647 27.767 
-14.426 -59.051 35.661 34.027 
-9.527 -45.184 33.481 40.017 
-65.323 -146.432 -84.395 -260.523 
-19.328 -77.867 -8.713 -23.684 
-13.338 -55.253 -9.527 -11.162 
-8.439 -42.193 -7.620 -0.273 
-76.757 -173.141 -25.860 -251.264 
-19.601 -78.379 46.805 33.212 
-13.611 -57.429 40.832 42.466 
-11.435 -44.373 35.934 48.469 
-65.621 -161.963 -102". 912 -327.467 
-15.787 -74.581 -11.977 -25.587 
-9.801 -54.443 -3.537 -7.351 
-7.620 -41.378 -2.449 2.722 
-91-
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Fig. 2 Firifte Element Discretization of the Study Bridge 
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Fig. 3 Modeling Technique Used To Simulate the Composite Action 
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Fig. 8 Concrete Deck Slab Stress Positions 
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MIDSPAN DEFLECTIONS-CASE 1 









I ~ 1-' 0 0 N 
I -0.3 
-0.4 
1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 9 
MIDSPAN DEFLECTIONS-CASE 1 










I ~ I-' -Q.4 0 w 
I 
-0 . .5 
-0.6 
1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 10 
- - - .. - - .. - .. : - - .. - - - - - .. -
MIDSPAN DEFLECTIONS-CASE 1 






















1 2 .3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR 0 DBL XBR QUAD XBR 
Fig. 11 
-----~-~-----------
MIDSPAN DEFLECTIONS-CASE 1 

























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 12 
----------~~-------
MIDSPAN DEFLECTIONS-CASE 1 























1 2 3 4 5 s 
GIRDER NUMBER 
0 NO XBR + NML XBR 0 DBL XBR QUAD XBR 
Fig. 13 
-----------~-------
MIDSPAN DEFLECTIONS-CASE 1 















-Q . .5 I 
-o.6 
1 2 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR ¢ DBL XBR .6 QUAD XBR 
Fig. 14 
-----~-----~--~----
MIDSPAN DEFLECTIONS-CASE 1 












0 -1.57 ~ 








1 2 .3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 15 
-------------------
MIDSPAN DEFLECTIONS-CASE 1 
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-2 I I I I 
1 2 3 4 5 6 
GIRDER NUMBER 
[] NO XBR + NML XBR ~ DBL XBR QUAD XBR 
Fig. 16 
-~---~-----~--~--~-
MIDSPAN DEFLECTIONS-CASE 2 

















1 2 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 17 
-----~~----~-~~~-~-
MIDSPAN DEFLECTIONS-CASE 2 




















1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + Ntwtl XBR <> DBL XBR 6 QUAD X8R 
Fig. 18 
------~-------~--~-
MIDSPAN DEFLECTIONS-CASE 2 















~ -1.73 I ,_. 








1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + N~L XBR <> DBL XBR A QUAD XBR 
Fig. 19 
-----------------~-
MIDSPAN DEFLECTIONS-CASE 2 

























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <) DBL XBR 6 QUAD XBR 
Fig. 20 
-------------------
MIDSPAN DEFLECTIONS-CASE 2 


























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR tJ. QUAD XBR 
Fig. 21 
-------------------
MIDSPAN DEFLECTIONS-CASE 2 

















1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR IJ. QUAD XBR 
Fig. 22 
----------~--------
MIDSPAN DEFLECTIONS-CASE 3 
















1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR ¢ DBL XBR ll QUAD XBR 
Fig. 23 
-------------------
MIDSPAN DEFLECTIONS-CASE 3 









~ -Q.4 I ,_. ,_. 
....... 0 I 
-0.5 
1 2 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 24 
-- - - - - - - - - - - - - - - - - - -
MIDSPAN DEFLECTIONS-CASE 3 
















I ~ -o.18 1---








1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR /). QUAD XBR 
Fig. 25 
-------------------
MIDSPAN DEFLECTIONS-CASE 3 




















1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR A QUAD XBR 
Fig. 26 
-------------------
MIDSPAN DEFLECTIONS-CASE 3 














I ~ -o.7 ....... 








1 2 3 4 5 6 
GIRDER NUMBER 
D NO XBR + NML XBR <> DBL XBR l!l QUAD XBR 
Fig. 27 
-------------------
MIDSPAN DEFLECTIONS-CASE 3 












I ~ f-' 






1 2 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <:> DBL XBR 6 QUAD XBR 
Fig. 28 
-------------------
MIDSPAN DEFLECTIONS-CASE 3 
LOAD CONDillON 7 
-1.48 
-1.49 
-1 . .5 
-1.51 
-1.52 
-1 . .53 
,..... -1 . .54 
z 




0 -1 . .57 
w 
I ~ -1 . .58 f-.' 
N 0 








1 2 3 4 5 6 
GIRDER NUMBER 




MIDSPAN DEFLECTIONS-CASE .4 


















1 2 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR ¢ DBL XBR QUAD XBR 
Fig. 30 
-------------------
MIDSPAN DEFLECTIONS-CASE 4 










~ -2 I 
'""" 
w 






1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR fl QUAD XBR 
Fig. 31 
-------------------
MIDSPAN DEFLECTIONS-CASE 4 















~ -1.74 I 
I-' w -1.75 









1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <) DBL XBR ll QUAD XBR 
Fig. 32 
-------------------
MIDSPAN DEFLECTIONS-CASE 4 

























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR 11 QUAD XBR 
Fig. 33 
---------·----------
MIDSPAN DEFLECTIONS-CASE 4 


























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fi.g. 34 
-------------------
MIDSPAN DEFLECTIONS-CASE 4 













ffi -2 I 






1 2 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <:> DBL XBR ll QUAD XBR 
Fig. 35 
-------------------
MIDSPAN DEFLECTIONS-CASE 5 




























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + Ntv1L XBR Q DBL XBR fJ. QUAD XBR 
Fig. 36 
- - - - - - - - - - - - - - - - - -· -
MIDSPAN DEFLECTIONS-CASE 5 


















I ~ -Q.9 1-' 









1 2 3 4 5 6 
GIRDER NUMBER 
D NO XBR + NML XBR ¢ OBL XBR 6 QUAD XBR 
Fig. 37 
--------~--~-------
MIDSPAN DEFLECTIONS-CASE 5 



























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR D. QUAD XBR 
Fig. 38 
-~------~----------
MIDSPAN DEFLECTIONS-CASE 5 



















1 2 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR fl QUAD XBR 
Fig. 39 
MIDSPAN DEFLECTIONS-CASE 5 


















-1.6 ~ I 








1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR 0 DBL XBR .6 QUAD XBR 
Fig. 40 
MIDSPA.N DEFLECTIONS-CASE 5 












...... ~ -o.5 w 
-"' I 
-o.s· 
1 2 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR 6 QUAD XBR 
Fig. 41 
MIDSPAN DEFLECTIONS-CASE 5 














I ~ -2.8 






2 3 4 5 6 
GIRDER NUMBER. 
[] NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 42 
.... -·· - _. - .. - ... - ...... - , ..... - ..... 
MIDSPAN DEFLECTIONS-CASE 6 













, 2 3 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 43 
MIDSPAN DEFLECTIONS-CASE 6 
LOAD CONOI110N 2 








~ -3.5 I 
...... 
w c 
" -4 I 
-4 . .5 
-5 
-5 . .5 
1 2. 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig, 44 
--- ------- -
___ ............. _ ............. _ ... _ 
MIDSPAN DEFLECTIONS-CASE 6 














-2.8 ~ I ~ 








1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <:> DBL XBR QUAD XBR 
Fig. 45 
MIDSPAN DEFLECTIONS-CASE 6 



























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <) DBL XBR QUAD XBR 
Fig. l~6 
MIDSPAN DEFLECTIONS-CASE 6 















, 2 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR ¢ DBL XBR QUAD XBR 
Fig. I~ 7 
...... _ .. __ ._ ............... .. 
MIDSPAN DEFLECTIONS-CASE 6 














~ -3.2 I ,_. 








1 5 6 
· GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 48 
MIDSPAN DEFLECTIONS-LOAD CASE 7 



























1 2 3 4 5 6 
GIRDffi NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. !•9 
___ .. _ .. _ ................ . 
MIDSPAN DEFLECTIONS-LOAD CASE 7 


























1 2 3 4 5 6 
GIRDER NUMBER 
D NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 50 
-~-~~-~~---~~---~--
MIDSPAN DEFLECTIONS-LOAD CASE 7 
















1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 51 
-----~--~~-~-------
MIDSPAN DEFLECTIONS-LOAD CASE 7 
















1 2 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 52 
MIDSPAN DEFLECTIONS-LOAD CASE 7 
LOAD CONDmON 5 
0.5 ~:::---------~==:...:.. ____ :...__ ___ _ 
-o.5 
















1 2 3 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR. 
Fig. 5j 
~~-~~~-----~-------
MIDSPAN DEFLECTIONS-LOAD CASE 7 




















1 2 3 4 5 6 
GIRDER NUMBER 
[J NO XBR + NML XBR ¢ DBL XBR QUAD XBR 
Fig. 54 
~~---~-~---~-~---~~ 
MIDSPAN DEFLECTIONS-LOAD CASE 7 

























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 55 
-~---------~~~---~~ 
MIDSPAN DEFLECTIONS-CASE 8 
LOAD CONOI110N 1 
-2 

















-5 . .5 
1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR Q DBL XBR QUAD XBR 
Fig. 56 
~--~-~-~~---~--~-~~ 
MIDSPAN DEFLECTIONS-CASE 8 











I ~ -4 







1 2 .3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <) DBL XBR QUAD XBR 
Fig. 57 
-----~-----~~--~--~ 
MIDSPAN DEFLECTIONS-CASE 8 















-3 ~ I 









1 2 3 4 5 6 
GIRDER NUMBER 
D NO XBR + N~L XBR· <> DBL XBR QUAD XBR 
Fig. 58 
-~-~-~--~---~--~--~ 
MIDSPAN DEFLECTIONS-CASE 8 


























1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 59 
---~---~~-~-~------
MIDSPAN DEFLECTIONS-CASE 8 











I ~ I-' 





1 2 3 4 5 6 
GIRDER NUMBER 
0 NO XBR + NML XBR ¢ DBL XBR QUAD XBR 
Fig. 60 
---~-~--~----------
MIDSPAN DEFLECTIONS-CASE 8 


























1 2 3 4 5 6 
GIRDER NUMBER 
-
0 NO XBR + NML XBR <> DBL XBR QUAD XBR 
Fig. 61 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 1 
LOAD CONDITION 1 
4,-------------------------------------------------~ 
1 2 3 4 5 6 
GIRDER NUMBER 
[Z2 NO XBR lSSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 62 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 1 











...... ~ -Vl 
"' I 
-1 ~~r-------.--------.--------.-------~--------~~ 
1 2 4 5 6 
GIRDER NUMBER 
IZZl NO XBR (SS} NML XBR tz:Zj DBL XBR ~ QUAD XBR 
Fig. 63 
- - - - - - - - -·- - - - - - - - - -
MIDSPAN BOTTOM FLANGE STRESSES-CASE 1 












1 2 5 6 
GIRDER NUMBER 
IZ2] NO XBR lS:S) NML XBR I?LZJ DBL XBR ~ QUAD XBR 
Fig. 64 
- - - - - - - - -·- - - - - - - - - -
MIDSPAN BOTTOM FLANGE STRESSES-CASE 1 
LOAD CONDillON 4 
GIRDER NUMBER 
IZ:2j NO XBR ISS) NML XBR f2LZ) DBL XBR ~ QUAD XBR 
Fig. 65 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 1 
LOAD CONDI110N 5 10,---------------------------------------------------
1 2 4 5 6 
GIRDER NUMBER IZ2J NO XBR lSSJ NML XBR tazl DBL XBR ~ QUAD XBR 
Fig. 66 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 1 







w 3 ~ (/) 
I ~ f-1 
0'1 ~ 0 2 I 
1 2 3 4 5 6 
GIRDER NUMBER 







. MIDSPAN BOTTOM FLANGE STRESSES-CASE 1 
LOAD CONOillON 7 
11 r-------------------------------------------------~ 
1 2 3 4 5 6 


















MIDSPAN BOTTOM FLANGE STRESSES-CASE 2 
















1 2 4 5 6 
GIRDER NUMBER 





"' w I 
MIDSPAN BOTTOM FLANGE STRESSES-CASE 2 


















1 2 4 5 6 
GIRDER NUMBER 
IZ2] NO XBR lS:S) NML XBR IZ:Z) DBL XBR ~ QUAD XBR 
Fig. 70 
--------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 2 









1 2 5 6 
GIRDER NUMBER 
~NO XBR IS:S) NM L XBR f?Z.Z) DBL XBR ~ QUAD XBR 
Fig. 71 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 2 












w 7 ~ (/) 
I ~ 6 f-1 
"' IJ1 ~ .5 I 
4 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 2 





















1 2 3 4 5 6 
GIRDER NUMBER 
IZ:2] NO XBR lS:S) NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 73 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 2 
















12:21 NO XBR 
1 2 4 5 6 
GIRDER NUMBER (SSI NML XBR f2LZj DBL XBR ~ QUAD XBR 
Fig. 74 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 3 







w 2 ~ (/) 
I ~ 1-' 
0'\ ~ 00 1 I 
1 2 4 5 6 
GIRDER NUMBER 
IZZJ NO XBR l'S:S] NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 75 
- - ·- - - - - - - - - - - - - - - - -
MIDSPAN BOTTOM FLANGE STRESSES-CASE 3 
LOAD C01'()1110N 2 
6,-------~----------------------------------------~ 
-1 ~-.r-------,--------.--------~------~--------~_J 
1 2 3 4 5 6 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 3 










0 . .4 
0.2 
1 2 5 6 
GIRDER NUMBER 
IZ.ZJ NO XBR lSSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 77 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 3 
LOAD CONDillON 4 
3 
....... 




w 2 ~ (/) 




GIRDER NUMBER [ZZJ NO XBR ls::SJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 78 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 3 














.... 3 (/) 
I ~ 2 
........ 
...... ~ N 
I 1 
1 2 5 6 
GIRDER NUMBER 
rz.:zJ. NO XBR ISS) NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 79 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 3 
LOAD CONDITlON 6 
6,-----------------------------------------------~ 
-1 ~-.--------.--------.------~--------~------~~ 
1 2 5 6 
GIRDER NUMBER 
rz:zJ NO XBR (S'SJ NM L XBR tZ?ZJ DBL XBR ~ QUAD XBR 
Fig. 80 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 3 
LOAD CONOillON 7 
1 2 3 4 5 6 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 4 















1 2 5 6 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 4 

















1 2 3 4 5 6 
GIRDER NUMBER 
IZZJ NO XBR lSS) NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 83 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 4 











w 6 a: 
.... (/) 
I ~ 5 ...... ..._,. 
..._,. ~ I 4 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 4 










1 2 4 5 6 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 4 























1 2 4 5 6 























LOAD CON>mON 6 
1 
o~~~~~~~~~~~~~~~~~--~~~~_u~~~ 
1 2 5 6 
GIRDER NUMBER 
lz:21 NO XBR (S:sJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 87 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 5 
LOAD CONDI110N 1 
6,-------------------------------------------------~ 
1 2 5 6 
GIRDER NUMBER 
IZZ) NO XBR lSS) NML XBR ~ DBL XBR ·~ QUAD XBR 
Fig. 88 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 5 
LOAD CONDillON 2 
9,-----------------------------------------------~ 
1 2 4 5 6 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 5 












1 2 4 5 6 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 5 
LOAD CONDJTlON 4 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 5 




















1 2 4 5 6 
GIRDER NUMBER [ZZJ NO XBR (s:sJ NM l XBR ~ DBL XBR ~ QUAD XBR 
Fig. 92 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 5 









I ~ ...... (X) 
0'1 ~ I 2 
1 
1 2 5 6 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 5 





















1 2 5 6 
GIRDER NUMBER 







MIDSPAN BOTTOM FLANGE STRESSES-CASE 6 












1 2 5 6 
GIRDER NUMBER 








MIDSPAN BOTIOM FLANGE STRESSES-CASE 6 













1 2 3 4 5 6 
GIRDER NUMBER 




'"""' \0 0 
I 
MIDSPAN BOTTOM FLANGE STRESSES-CASE 6 























1 2 4 5 6 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 6 












1 2 4 5 6 
GIRDER NUMBER 



















MIDSPAN BOTTOM FLANGE STRESSES-CASE 6 

















1 2 4 5 6 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 6 












1 2 3 5 6 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 7 
LOAD C0f'.I)I110N 1 
-2~~-------.-------r------.-------.-------~ 
1 2 4 5 6 
GIRDER NUMBER 
JZ:ZI NO XBR rs::SJ NM L XBR fZ:'ZJ DBL XBR ~ QUAD XBR 
Fig. 101 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 7 
LOAD COI\DillON 2 
9 ,-------------------------------------------------~ 
1 2 4 5 6 
GIRDER NUMBER 
IZ2] NO XBR lSS] NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 102 
-------------------
MIDSPAN BOTTOM FLANGE STRESSES-CASE 7 















1 2 4 5 6 
GIRDER NUMBER lZ2l NO XBR ISS) NML XBR I2LZJ OBL XBR ~ QUAD X8R 
Fig. 103 
---~---------~-----
MIDSPAN BOTTOM FLANGE STRESSES-CASE 7 









I ~ ..... 
\0 ~ -....! I 2 
1 
1 2 5 6 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 7 




















1 2 5 6 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 7 
LOAD CONOillON 6 
7.-----------------------------------------------~ 
-1 ~-.--------~------~------~~------~------~~ 
1 2 4 5 6 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 7 






















1 2 3 4 5 6 
GIRDER NUMBER 



























IZ2J NO XBR 
LOAD CONDillON 1 
1 2 4 5 6 























IZ:::zl NO XBR 
1 2 
IS:S) NM L XBR 
LOAD CONDillON 2 
4 5 6 
GIRDER NUMBER I?LZJ DBL XBR ~ QUAD XBR 
Fig. 109 
MIDSPAN BOTTOM FLANGE STRESSES-CASE 8 
LOAD CONDillON 3 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 8 












1 2 4 5 6 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 8 










(/) (/) 18 w 









1 2 4 5 6 
GIRDER NUMBER 








MIDSPAN BOTTOM FLANGE STRESSES-CASE 8 













1 2 3 4 5 6 
GIRDER NUMBER 

















[Z2] NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 1 
LOAD CONDillON 1 
1 2 3 4 5 6 
























MIDSPAN R/C SLAB STRESSES-CASE 1 
LOAD CONDillON 2 
1 2 4 5 6 
GIRDER NUMBER 



















iZ::2] NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 1 
LOAD CONDillON 3 
1 2 4 5 6 

























IZZI NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 1 
LOAD CONDillON 4 
1 2 3 4 5 6 



















JZZI NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 1 
LOAD CONDillON 5 
1 2 3 4 5 6 
GIRDER NUMBER 



































(ZZJ NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 1 
LOAD CONOillON 6 
1 2 5 6 
GIRDER NUMBER (S:sJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 119 
-----~~------------
MIDSPAN R/C SLAB STRESSES-CASE 1 
























1 2 5 6 
GIRDER NUMBER 


























{Z2l NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 2 
LOAD CONDITION 1 
1 2 4 6 
GIRDER NUMBER 
rs::sJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 121 
------~----~---~---
MIDSPAN R/C SLAB STRESSES-CASE 2 























, 2 5 6 















lz::ZI NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 2 
LOAD CONDillON 3 
1 2 4 5 6 
GIRDER NUMBER 



















IZ2:1 NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 2 
LOAD CONDillON 4 
1 2 5 6 
GIRDER NUMBER 
ISSJ NML XBR fZ:Zj DBL XBR ~ QUAD XBR 
Fig. 124 
-------------~-----
MIDSPAN R/C SLAB STRESSES-CASE 2 























-o . .5 
m 
-o.s 
1 2 4 5 6 
GIRDER NUMBER 
~ NOXBR rs::::sJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 125 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 2 
















I z N 
-.( 1-' 





-Q . .5 
1 2 4 5 6 
GIRDER NUMBER 

























IZZJ NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 3 
LOAD CONDillON 1 
1 2 5 6 
GIRDER NUMBER (s::sJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 127 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 3 
LOAD CONDillON 2 
-0.01 




















1 2 3 4 5 6 
GIRDER NUMBER 

































IZ:2I NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 3 
LOAD CONDillON 3 
1 2 4 5 6 








MIDSPAN R/C SLAB STRESSES-CASE 3 













1 2 3 4 5 6 
GIRDER NUMBER 




























IZ2l NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 3 
LOAD COfll>mON .5 
1 2 4 5 6 
GIRDER NUMBER (SS] Nt.4l XBR ~ DBL XBR ~ QUAD XBR 
Fig. 131 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 3 




























1 2 5 6 
GIRDER NUMBER [Z2I NO XBR lSSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 132 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 3 






















1 2 4 5 6 
GIRDER NUMBER [Z2] NO XBR lSSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 133 
-----------~-------























1 2 5 6 
GIRDER NUMBER 
JZ2] NO XBR (SSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 134 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 4 





















1 2 5 6 
GIRDER NUMBER 

















lZ2] NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 4 
LOAD CONDillON 3 
1 2 5 6 
GIRDER NUMBER (S:sJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 136 














IZ.2] NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 4 
LOAD CONDillON 4 
1 2 4 5 6 
GIRDER NUMBER lSSJ NML XBR fZ:ZJ DBL XBR ~ QUAD XBR 
Fig. 137 

























MIDSPAN R/C SLAB ST·RESSES-CASE 4 








1 2 4 5 6 
GIRDER NUMBER 
!Z2J NO XBR (S::sJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 138 
---------~---------
MIDSPAN R/C SLAB STRESSES-CASE 4 






















1 2 5 6 
GIRDER NUMBER 
1:2::2] NO X BR (SSJ NML XBR I?LZ) DBL XBR ~ QUAD XBR 
Fig. 139 
----------~--~-----
MIDSPAN R/C SLAB STRESSES-CASE 5 




















N -c( 0.2 
w C) w 
I z 0.1 0 
z 




1 2 3 4 5 6 
GIRDER NUMBER 
IZ2J NO XBR rs::sJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig, 140 
----------~------~-
MIDSPAN R/C SLAB STRESSES-CASE 5 








(/) 0.7 (/) 
~ 0.6 1-(/) 


















1 2 3 4 5 6 
GIRDER NUMBER 
















MIDSPAN R/C SLAB STRESSES-CASE 5 



















1 2 4 5 6 
GIRDER NUMBER 
I2:ZJ NO XBR lS:SJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 142 
----~-----~--------
MIDSPAN R/C SLAB STRESSES-CASE 5 










~ 0.2 ~ 
0 
I z N ~ w 






1 2 4 5 6 
IZ:2J NO XBR ls:sJ NML XBR GIRDER NUMBER IZ:zJ DBL XBR ~ QUAD XBR 
Fig. 143 
-~--------~----~---
MIDSPAN R/C SLAB STRESSES-CASE 5 

















I 0 0.6 
N z 
w -c( 









1 2 3 4 5 6 
GIRDER NUMBER 






























IZZI NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 5 
LOAD CONDITlON 6 
1 2 4 5 6 
























[Z:2] NO XBR 
MIDSPAN R/C SLAB STRESSES-CASE 5 
LOAD CONDillON 7 
1 2 5 6 
GIRDER NUMBER 
ISSI NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 146 
MIDSPAN R/C SLAB STRESSES-CASE 6 
























1 2 3 4 5 6 
GIRDER NUMBER l2:2J NO XBR (S:sJ NM l XBR IZZJ DBL XBR ~ QUAD XBR 
Fig. 14 7 
-~-~-~-------~---~-
MIDSPAN R/C SLAB STRESSES-CASE 6 
























1 2 3 4 5 6 























MIDSPAN R/C SLAB STRESSES-CASE 6 


















1 2 4 5 6 
GIRDER NUMBER 
IZ2] NO XBR IS:S) NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 149 
~------~~---~~~---~ 
MIDSPAN R/C SLAB STRESSES-CASE 6 
LOAD CONOillON 4 
2.5 
,..... 



















1 2 4 5 6 
GIRDER NUMBER 
IZ2i NO XBR lSS) NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 150 
MIDSPAN R/C SLAB STRESSES-CASE 6 












I z N 
-4( ~ 






1 2 4 5 6 
GIRDER NUMBER 















MIDSPAN R/C SLAB STRESSES-CASE 6 




















, 2 3 4 5 6 
GIRDER NUMBER 
~NO XBR (S:sl NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 152 
-~-~--~-~-~~-~-----
MIDSPAN R/C SLAB STRESSES-CASE 7 
















I 0 0.3 
N z 
.p.. 4( 









1 2 3 4 5 6 
GIRDER NUMBER 
lZZI NO XBR ISS! NML XBR tZLZJ DBL XBR ~ QUAD XBR 
Fig. 153 
MIDSPAN R/C SLAB STRESSES-CASE 7 










~ 0.7 (/) 0.6 
~ 0.5 ~ 
0 0.4 
z 
I ~ 0.3 N 
.c-. 0 
...... z I 0.2 c 






1 2 3 4 5 6 





















MIDSPAN R/C SLAB STRESSES-CASE 7 






















1 2 3 4 5 6 
GIRDER NUMBER 
rz::2l NO XBR ISSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 155 
MIDSPAN R/C SLAB STRESSES-CASE 7 






















1 2 4 5 6 
GIRDER NUMBER 
lz::2] NO XBR lSSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 156 
MIDSPAN R/C SLAB STRESSES-CASE 7 








(/) 1.4 (/) 
w 





I z 0.6 N ~ V1 








1 2 3 4 5 6 
GIRDER NUMBER 
IZ2I NO XBR lSSJ NML XBR E?ZZJ DBL XBR ~ QUAD XBR 
Fig. 157 
-~-----~------~----
MIDSPAN R/C SLAB STRESSES-CASE 7 

























1 2 4 5 6 












MIDSPAN R/C SLAB STRESSES-CASE 7 




















1 2 4 5 6 
GIRDER NUMBER 
IZ2J NO XBR (SSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 159 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 8 





















-1.5 -:-'_ ---,-----....-------,-----.-----.---------T-_j 
1 2 5 6 
GIRDER NUMBER 
l2:2] NO XBR IS::sJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 160 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 8 






















-1 .5 -'---r----------r----------r-----------r---------.,...--------.-----1 
1 2 4 5 6 






















MIDSPAN R/C SLAB STRESSES-CASE 8 


















-o.8 .......__ __ r----------,------------r---------r-------'"'...,L_.--------~_j 
1 2 4 5 6 
GIRDER NUMBER 
[Z2J NO XBR (S:sJ NM L XBR IZ2Z} DBL XBR ~ QUAD XBR 
Fig. 162 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 8 
LOAD CONDITlON 4 
2.~ 
,..... 



















IZ2J NO XBR (S:sJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 163 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 8 
























J:ZZI NO XBR IS:SJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 164 
-------------------
MIDSPAN R/C SLAB STRESSES-CASE 8 
LOAD CONDillON 6 
2.5 
,...... 






~ 1 ~ 
I 0 
N z 








1 2 4 5 6 
GIRDER NUMBER 
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Fig. 174 Cross Frame Stresses at Midspan-Case 1 and Case 2 
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Fig. 175 Cross Frame Stresses at Midspan-Case 3 and Case 4 
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Fig. 176 Cross Frame Stresses at Midspan-Case 5 and Case 6 
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Cross Frame Stresses at Midspan-Case 7 and Case 8 





















IZZI NO XBR 
HORIZONTAL REACTION FORCES-CASE 1 
LOAD COf\DillON 1 
1 2 4 5 6 
GIRDER NUMBER 













HORIZONTAL REACTION FORCES-CASE 1 



















1 2 3 5 6 
GIRDER NUMBER 












HORIZONTAL REACTION FORCES-CASE 1 
LOAD CONDillON 3 
40~---------------------------------------------------
-40~--r--------r--------.--------.--------~--------~ 
1 2 5 6 
GIRDER NUMBER IZ:2J NO XBR (SSJ NML XBR ~ DBL XBR ~ QUAD XBR 
Fig. 180 
-------------------
HORIZONTAL REACTION FORCES-CASE 1 
LOAD CONOillON 4 
20 
r"\ (/) 
0.. 10 S2 
...... 
w 
















HORIZONTAL REACTION FORCES-CASE 1 



















2 4 5 6 
GIRDER NUMBER 





















fZ2l NO XBR 
HORIZONTAL REACTION FORCES-CASE 1 
LOAD CONOillON 6 
1 2 5 6 
GIRDER NUMBER IS:sJ NM L XBR IZZ) DBL XBR ~ QUAD XBR 
Fig. 183 
-------------------
HORIZONTAL REACTION FORCES-CASE 1 















1 2 3 4 5 6 
GIRDER NUMBER 








HORIZONTAL REACTION FORCES-CASE 2 


















IZ.21 NO XBR 
1 2 5 6 
GIRDER NUMBER 













HORIZONTAL REACTION FORCES-CASE 2 


















1 2 4 5 6 
GIRDER NUMBER 











rz:2] NO XBR 
HORIZONTAL REACTION FORCES-CASE 2 
LOAD CONDillON 3 
2 5 6 
GIRDER NUMBER (S:sJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 187 
-------------------
HORIZONTAL REACTION FORCES-CASE 2 



















1 2 4 5 6 
GIRDER NUMBER 













HORIZONTAL REACTION FORCES-CASE 2 



















1 2 4 5 6 
GIRDER NUMBER 
~NO XBR (s::sJ NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 189 
-------------------
HORIZONTAL REACTION FORCES-CASE 2 










































HORIZONTAL REACTION FORCES-CASE 5 




















1 2 4 5 6 
GIRDER NUMBER 













HORIZONTAL REACTION FORCES-CASE 5 












2 3 4 5 6 
GIRDER NUMBER I2:2J NO XBR lSSJ Ntvt L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 192 
-------------------
HORIZONT~L REACTION FORCES-CASE 5 














1 2 4 5 6 

























IZ:ZI NO XBR 
HORIZONTAL REACTION FORCES-CASE 5 
LOAD CONDITlON 4 
1 2 4 5 6 








HORIZONTAL REACTION FORCES-CASE 5 







lZZj NO XBR 
1 2 
(SSJ NML XBR 
4 5 6 
GIRDER NUMBER 












HORIZONTAL REACTION FORCES-CASE 5 



















1 2 4 5 6 

























rz=2l NO XBR 
HORIZONTAL REACTION FORCES-CASE 5 
LOAD CONDillON 7 
1 2 4 5 6 
GIRDER NUMBER 
ISSJ Nlvt L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 197 









HORIZONTAL REACTION FORCES-CASE 6 
LOAD CONDrTlON 1 
-2~~----------~--------~--------.---------.--------.,-~ 
1 2 4 5 6 
GIRDER NUMBER 
IZ::2J NO XBR l:s::SI NM L XBR ~ DBL XBR ~ QUAD XBR 
Fig. 198 






HORIZONTAL REACTION FORCES-CASE 6 







IZ2] NO XBR 
1 2 
rs::::sJ NM L XBR 
4 5 6 
GIRDER NUMBER 























IZ:2J NO XBR 
HORIZONTAL REACTION FORCES-CASE 6 
LOAD CONDillON 3 
1 2 3 4 5 6 












HORIZONTAL REACTION FORCES-CASE 6 


















1 2 4 5 6 
E2) NO XBR lS:SJ NML XBR GIRDER NUMBER ~ DBL XBR ~ QUAD XBR 
Fig. 201 
-------------------
HORIZONTAL REACTION FORCES-CASE 6 


















1 2 4 5 6 
GIRDER NUMBER 


















HORIZONTAL REACTION FORCES-CASE 6 



















1 2 4 5 6 
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Fig. 204 "Cantilever Effect" Deflection Profile at Midspan 
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